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Amag ve Kapsam

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi dergisi, temel miihendislik bilimleri
alaninda, miithendisligin giincel arastirma konulara odakli hem deneysel hem de kuramsal ¢aligsmalarin
yayinina oncelik tanir. Disiplinler arasi ¢caligmalar1 ve teknolojileri igeren akademik yayinlar tesvik eder.
Ilgili bilimlerin ve bireylerin ulusal ve uluslararasi gelisimlerine katkida bulunmayi, bu alanlarla ilgili
kaynaklar1 gelistirmeyi amaglar. Derginin dili Tiirkge ve Ingilizcedir.

Miihendislik biliminin temeline ait kuramsal ¢aligmalara, teknolojik gelismelere ve miihendislik odakli
disiplinler arasi c¢aligmalara kapsami dahilinde yer veren dergimiz; kuramsal, deneysel, aragtirma ve
derleme tiirtinde igeriklerle yilda iki kez (Haziran, Aralik) yayimlanmakta, giincel akademik literatiirii
arastirmacilara ve kamuoyuna aktarmay1 hedeflemektedir.
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Aims and Scope

Mus Alparslan University Faculty of Engineering and Architecture journal gives priority to the
publication of both experimental and theoretical studies in the field of basic engineering sciences,
focusing on current research topics in engineering. It encourages academic publications involving
interdisciplinary studies and technologies. It aims to contribute to the national and international
development of related sciences and individuals, and to develop resources related to these fields. The
languages of the journal are Turkish and English.

Our journal, which includes theoretical studies on the foundation of engineering science, technological
developments and interdisciplinary studies focused on engineering; It is published twice a year (June,
December) with theoretical, experimental, research and compilation content, and aims to convey the
current academic literature to researchers and the public.
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Yaym Etigi ve Sorumluklar

Dergimizin yayin siireci, siirece dahil olan herkes i¢in (yazarlar, hakemler, editorler) akademik etik ilkelerine ve
standartlara uymay1 sart kogmaktadir. Bu kapsamda siirece dahil olan tiim akademisyenlerin asagidaki
sorumluluklar1 kabul ettigi varsayilmaktadir. Bu kapsamda ifade edilen sorumluluklar belirlenirken agik erisim
kurallarim1 diizenleyen Committee on Publication Ethics (COPE) tarafindan belirtilen kurallar ve sorumluluklar
kullanilmastir.

Yazarlarin Etik Sorumluluklar:

Yazar(lar), tiim akademik c¢alismalarinda 6zgiin olmalidir. Yaptiklart ¢aligmalarda diger akademik calismalardan
yararlanmalari durumunda eksiksiz bir sekilde kaynak gosterimi ve/veya alint1 yapmalar1 gerekmektedir. Calismaya
katki sunmayan kisiler yazar olarak ¢aligmaya dahil edilmemelidir. Arastirmacilar, ¢alismalarini aynt anda birden
fazla yaymn organina gonderemezler. Her bir gonderim siireci, dnceki bagvurunun sonuglanmasina miiteakip
yapilmalidir. Bagka bir mecrada yayimlanmis bir calisma dergimize gonderilmemelidir. Gonderilen c¢alismalarin,
cikar catigmasi teskil edecek icerikler, durumlar ve iliskiler barindirmasi durumunda bilgilendirme yapilmalidir.
Yazarlar, talep edilmesi durumunda ¢aligmaya ait ham verileri ve deney bilgilerini yayin kurulu ve bilim kuruluna
sunmaya hazir olmalidir. Degerlendirme siireci baglatilmis bir ¢aligsma i¢in, yazar ekleme, sirasint degistirme veya
yazar ¢ikarma gibi teklifler miimkiin degildir. Yazar(lar) caligmalarinda kullandiklar1 verilerin (varsa) etik haklarina,
kullanim haklarina, arastirma/analiz/deney gibi islemler igin gerekli izinlere sahip olduguna dair belgelere sahip
olmalidirlar. Yazar(lar) degerlendirme siirecine alinmig, erken gériinlim asamasina ge¢cmis veya yayimlanmis
calismalarinda bir hata fark etmeleri durumunda, dergi editoriinii veya dergi yayimncisint bilgilendirmeli, diizeltme
veya geri ¢ekme islemlerinde isbirligi yapmalidir.

Editorlerin Etik Gorev ve Sorumluluklari

Dergipark sayfasinda agikga belirtilmis agik erisim kurallar biitiinliigiinii saglayan COPE tarafindan ifade edildigi
iizere; derginin gelisimine devamlilik kazandirma, dergide yayimlanan akademik ¢aligmalarin kalitesini arttirmaya
yonelik asamalar titizlikle yiiriitme, okuyucularin ve yazarlarin ihtiyaclarina yonelik ¢aligmalar yapma, diizeltme
veya agiklama gerektiren hususlarda agik ve seffaf iletisim kurma, fikri miilkiyet haklarindan ve akademik etik
kurallarindan taviz vermemek kosuluyla tiim is siire¢lerini devam ettirme gibi isler, editoriin baslica etik gorev ve
sorumluluklaridir.

Hakemlerin Etik Sorumluluklar:

Bir hakem, kendi uzmanlik alanina ait akademik ¢aligsmalar1 degerlendirmeye almalidir. Yaptigi degerlendirmelerde
tarafsiz ve gizli olmalidir. Bu ilkeler kapsaminda yaptig1 c¢aligmalarin degerlendirme sonuglarini siire¢ sonunda
kamu ile paylagmamali ve imha etmelidir. Degerlendirmesi neticesinde bir ¢ikar ¢atigmasi tespit etmesi durumunda
ilgili editor bilgilendirilmeli ve ¢alismay1 inceleme siireci reddedilmelidir. Yapilan hakemlik degerlendirmesinin
sonucunu yapici ve kibar bir iislup ile iletmeli, diismanlik, iftira veya hakaret iceren negatif ve kisisel iletisim {islubu
kullanilmamalidir. Hakemligi kabul edilen g¢alismalari taahhiit edilen siire igerisinde ve belirtilen akademik etik
kurallar1 ¢ergevesinde degerlendirmeli ve sonucu iletmelidir.

Yaymncinin Etik Sorumluluklar

Dergimiz siirece dahil ettigi tim calismalar i¢in editorleri sorumlu kilmaktadir. Dergide yapilan calismalardan
politik veya ekonomik kazanclar elde edilmemesi i¢in gereken tedbir ¢alismalarini editdr yiiriitmektedir. Dergimiz
editor kararlar1 olusturulmasinda bagimsizligi taahhiit eder. Dergimiz, kabul ettigi tiim ¢aligmalarin fikri miilkiyet ve
telif haklarmi korudugunu taahhiit eder. Editorlerin stiregle ilgili akademik suiistimaller ve intihalle ilgili konularda
ilgili 6nlemleri alma sorumlulugu yine dergimizin taahhiidii altindadir.



Yazarlar ile iliskiler

Editorler, yazarlarin gonderdigi makalelerde ¢aligmanin 6zgilinliigii, anlatimin agiklig1 ve derginin amag-kapsamina
uygunlugu noktasinda degerlendirme yaparak olumlu veya olumsuz karar vermektedir. Bu kapsamda ciddi bir
problem teskil etmeyen tiim ¢aligmalar degerlendirme siirecine alinir. Editorler, hakem 6nerilerini dikkate almalidir.
Editorler, calismalarla ilgili onceki editorler tarafindan verilen kararlari, etik ve kapsam noktasinda biiyiik bir
problem tespit edilmemesi halinde degistirmemelidir.

Hakemler ile iliskiler

Kor Hakemlik ve Degerlendirme Siireci politikalari, editor tarafindan titizlikle yiirtitiilmelidir. Hakemler, ilgili
yaymnin uzmanlik sahasina gore segilmelidir. Yayinla ve siirecle ilgili tiim bilgiler hakemlerle agik bir sekilde
paylasilmalidir. Yazar-hakem arasi ¢ikar catigmasi olup olmadigi yoniindeki tespit editdriin sorumlulugundadir.
Degerlendirme siirecinin baglamasiyla birlikte hakemlerin kimlikleri gizli tutulmalidir. Editorler, hakemleri
tarafsizlik, bilimsellik ve nesnellik hususlarinda tesvik etmelidir. Hakem havuzlarmin genis tutulmasina dikkat
edilmelidir. Hakemlerin degerlendirme siirecine yonelik performanslarimi arttirmak igin uygulamalar ve politikalar
giidiilmelidir. Bilimsellikten ve akademik etik kurallarindan uzak siire¢ler engellenmelidir.

Okuyucu ile Iliskiler

Editor, derginin hitap ettigi okuyucu kitlesinin ihtiya¢ duydugu beklentileri karsilamaya yonelik kararlar vermelidir.
Yayinlanacak calismalarin akademinin her tiirlii kademesine (okuyucu, arastirmaci) ve literatiire katki saglayacak
0zgiin ¢aligmalar olmasina dikkat etmelidir. Okuyuculardan ve akademik camiadan gelecek geri bildirimleri dikkate
almali ve agiklayict geri bildirimlerde bulunmalidir.

Yaym Kurulu ile iliskiler

Editor, yayin kurulunda bulunan iiyelerin, ilgili politika ve yonergelere uyumlu sekilde caligmasi adina sorumludur.
Bu politikalar kapsaminda ilgili iiyeler bilgilendirilmeli ve gelismelerden haberdar edilmelidir. Yeni tiyelere gerekli
egitim ve bilgilendirme saglanmalidir.

Dergi Sahibi ve Yayma ile iliskiler

Akademik etik kurallar1 gergevesinde, editor ile yaymci bagimsizlik sozlesmesi imzalamaktadir. Yani editorler
alacaklari kararlarda yayinci ve dergi sahibinden bagimsizdir.

Kisisel Verilerin Korunmasi

Dergi editorii, dergide yayimlanan g¢aligmalarda bulunan tiim bilgilerin, deneklerin ve gorsellerin korunmasini
saglamakla sorumludur. Caligmada eger varsa denek olarak kullanilan bireylerin izinleri belgelendirilmedigi siirece
calismayi reddetmelidir. Ayrica dergi editorii, yayin siirecinde bulunan herkesin (yazar, hakem ve okuyucu) bireysel
verilerini korumakla sorumludur.

Etik Kurul, insan ve Hayvan Haklar

Editor, calisma kapsaminda genel anlamda insan ve hayvan haklarinin korunmasini saglamalidir. Calisma
deneylerinde kullanilan verilere ve deneklere ve aragtirmalara iliskin gerekli izinlerin ve etik kurul raporlarmin
kontroliinii yapmakla mesuldiir.

Olasi Suiistimal ve Gorevi Kotiiye Kullanmaya Kars1 Onlem

Suiistimal ve gorevi kotiiye kullanma hallerine kars: tedbir almak editériin gorevidir. Bu konuyla ilgili sikayetlerin
tespit edilmesi ve degerlendirilmesi noktasinda titiz bir ¢alisma yiiriiten editor, ilgili bulgular1 paylasmali ve
akademik etik ortaminin devam etmesini saglamalidir.

Fikri Miilkiyet Haklarimin Korunmasi



Dergi editorii, tim calismalarin fikri miilkiyet haklarim1 korumakla ve akademik etik ihlallerinde ve diger
olumsuzluklarda derginin, yazarlarin, hakemlerin haklarini savunmakla yiikiimliidiir. Ayrica dergi editorii dergide
yayimlanan caligmalarin intihal sonucu baska bir akademik c¢alismanin fikri miilkiyetini ihlal edip etmedigi
yoniindeki teyidi yapmalt ve gerekli dnlemi almalidir. Bu tedbirlerin basinda degerlendirme siirecinde yazardan
caligmasiyla birlikte makalenin intihal raporu da talep edilmektedir.

NOT:Dergimizde akademik etige uygun olmayan bir durumla karsilagmaniz
durumunda muhmimdergi@alparslan.edu.tr adresi tizerinden ivedi bir sekilde bizimle iletisime geginiz.
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Editorial Ethics and Responsibilities

Publication Ethics and Responsibilities The publication process of our journal requires everyone involved (authors,
referees, editors) to comply with academic ethical principles and standards. In this context, it is assumed that all
academicians involved in the process accept the following responsibilities. While determining the responsibilities
expressed in this context, the rules and responsibilities specified by the Committee on Publication Ethics (COPE),
which regulates open access rules, were used.

Ethical Responsibilities of Authors

The author(s) must be original in all their academic works. If they benefit from other academic studies in their
studies, they are required to give full reference and/or citation. Persons who do not contribute to the study should not
be included as authors. Researchers cannot submit their work to more than one publication at the same time. Each
submission process must be made following the conclusion of the previous application. A study published in another
medium should not be sent to our journal. In case the submitted works contain content, situations and relationships
that will constitute a conflict of interest, information should be provided. Authors should be ready to present the raw
data and experimental information of the study to the editorial board and scientific committee, if requested. It is not
possible to add an author, change the order or remove an author for a work whose evaluation process has been
started. Author(s) should have documents showing that the data they use in their studies (if any) have ethical rights,
usage rights, and necessary permissions for research/analysis/experiment. Author(s) should inform the journal editor
or journal publisher and cooperate in correction or retraction if they notice an error in their review, early view stage
or published work.

Ethical Duties and Responsibilities of Editors

As stated by COPE, which ensures the integrity of open access rules clearly stated on the Dergipark page; To ensure
continuity in the development of the journal, to carry out the steps to increase the quality of academic studies
published in the journal, to work towards the needs of readers and authors, to communicate openly and transparently
in matters that require correction or explanation, to continue all business processes without compromising
intellectual property rights and academic ethical rules. are the main ethical duties and responsibilities of the editor.

Ethical Responsibilities of Referees

A referee should evaluate academic studies in his field of expertise. It should be impartial and confidential in its
evaluations. Within the scope of these principles, the evaluation results of the studies should not be shared with the
public at the end of the process and should be destroyed. If a conflict of interest is detected as a result of its
evaluation, the relevant editor should be informed and the review process of the study should be rejected. The result
of the refereeing evaluation should be conveyed in a constructive and polite manner, and negative and personal
communication style containing hostility, slander or insult should not be used. He/she should evaluate the studies



accepted as referees within the promised time and within the framework of the specified academic ethical rules and
communicate the result.

Ethical Responsibilities of Publisher

Our journal makes the editors responsible for all the works included in the process. The editor carries out the
necessary measures to prevent political or economic gains from the work done in the journal. Our journal is
committed to independence in the creation of editorial decisions. Our journal undertakes to protect the intellectual
property and copyrights of all accepted works. The responsibility of the editors to take the necessary precautions
regarding academic misconduct and plagiarism related to the process is also under the commitment of our journal.

Relations with Authors

In the articles sent by the authors, the editors make a positive or negative decision by evaluating the originality of
the study, the clarity of the narrative, and the suitability of the journal's purpose-scope. In this context, all studies
that do not pose a serious problem are included in the evaluation process. Editors should consider referee
suggestions. Editors should not change the decisions made by previous editors about the studies unless a major
problem in terms of ethics and scope is detected.

Relations with Referees

Blind Review and Review Process policies should be meticulously followed by the editor. Reviewers should be
selected according to the field of expertise of the relevant publication. All information about the publication and the
process should be shared openly with the referees. It is the editor's responsibility to determine whether there is a
conflict of interest between the author and the referee. With the start of the evaluation process, the identities of the
referees should be kept confidential. Editors should encourage referees for impartiality, scientificity and objectivity.
Care should be taken to keep the referee pools wide. Practices and policies should be pursued to increase the
performance of referees in the evaluation process. Processes that are far from being scientific and academic ethical
rules should be prevented.

Relations with the Readers

The editor must make decisions to meet the expectations of the audience the magazine addresses. Care should be
taken that the studies to be published are original studies that will contribute to all levels of the academy (readers,
researchers) and the literature. It should take into account the feedback from the readers and the academic
community and provide explanatory feedback.

Relations with the Editorial Board

The editor is responsible for the members of the editorial board to work in compliance with the relevant policies and
guidelines. Within the scope of these policies, the relevant members should be informed and informed about the
developments. New members should be provided with the necessary training and information. Relations with
Journal Owner and Publisher Within the framework of academic ethical rules, the editor and the publisher sign an



independence agreement. In other words, editors are independent of the publisher and journal owner in their
decisions.

Relations with Owner of Journal and the Publisher

Within the framework of academic ethical rules, the editor and the publisher sign an independence agreement. In
other words, editors are independent of the publisher and journal owner in their decisions.

Protection of Personal Data

The journal editor is responsible for ensuring that all information, subjects and images found in the studies published
in the journal are protected. Individuals used as subjects in the study, if any, should refuse to work unless their
consent is documented. In addition, the journal editor is responsible for protecting the individual data of everyone
involved in the publication process (author, referee and reader).

Ethics Committee, Human and Animal Rights

The editor should ensure the protection of human and animal rights in general within the scope of the work. It is
responsible for controlling the necessary permissions and ethics committee reports regarding the data and subjects
used in the study experiments and research.

Precaution against Potential Abuse and Abuse

It is the editor's duty to take precautions against abuse and misconduct. The editor, who carries out a meticulous
work in detecting and evaluating complaints about this subject, should share the relevant findings and ensure the
continuation of the academic ethical environment.

Protection of Intellectual Property Rights

The editor of the journal is responsible for protecting the intellectual property rights of all studies and defending the
rights of the journal, authors and referees in case of violations of academic ethics and other negativities. In addition,
the journal editor should confirm whether the studies published in the journal violate the intellectual property of
another academic work as a result of plagiarism and take the necessary action. At the beginning of these measures,
the plagiarism report of the article is requested from the author along with his/her work during the evaluation
process.

NOTE: If you encounter a situation that does not comply with academic ethics in our journal, please contact us
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Abstract

Basalt fiber is a new inorganic fiber type that has recently taken attention in cementitious materials
reinforcing applications. In this study, the effect of the chopped basalt fiber inclusion and volume fractions on
workability, mechanical properties, and capillarity of mortars were investigated. Lightweight mortars (LWM)
were prepared by partial replacement of river sand with pumice aggregate as 0%, 25%, and 50% by volume. The
chopped basalt fibers with a volume fraction of 0%, 0.25%, and 0.5% were utilized in LWM mixes. According
to the applied tests, it was concluded that the increase of pumice aggregate content is significantly effective on
obtained values, whereas, the influence of adding basalt fiber is changeable for the performed test results.
Additionally, the statistical analysis of experimental results was implemented by general linear model ANOVA.

Keywords: Basalt Fiber, Lightweight Mortar, Engineering Properties

Bazalt Elyaf Takviyeli Hafif Harcin Miihendislik Ozellikleri Uzerine Deneysel Calisma

Ozet

Bazalt elyaf, takviyeli ¢imentolu malzeme uygulamalarinda son zamanlarda dikkat ¢eken bir inorganik
elyaf tiirlidiir. Bu caligmada, kirpilmig bazalt lif katkisinin ve hacim oranlarinin harglarin islenebilirligi, mekanik
ozellikleri ve kapilaritesi lizerindeki etkisi aragtirilmistir. Hafif harclar (HH), nehir kumunun hacimce %0, %25
ve %50 oranlarinda pomza agregasi ile kismi olarak degistirilmesi ile hazirlanmistir. HH karisimlarinda hacim
oran1 %0, %0,25 ve %0,5 olan kirpilmig bazalt lifleri kullanilmistir. Uygulanan testlere gore, pomza agregasi
icerigindeki artigin elde edilen degerler {izerinde 6nemli 6lgiide etkili oldugu, bazalt lif ilavesinin etkisinin ise
gergeklestirilen test sonuglart igin degisebilir oldugu sonucuna varilmistir. Ayrica, deneysel sonuglarin
istatistiksel analizi genel dogrusal model ANOVA ile gergeklestirilmistir.

Anahtar kelimeler: Bazalt Elyaf, Hafif Harg, Miihendislik Ozellikleri
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1. INTRODUCTION

Lightweight concrete (LWC) has some superiorities such as the lower dead load of structure [1], better
thermal insulation [2-4], durability properties [5-6], and fire resistance [7-9] when compared to normal weight
concrete (NWC). Therefore, LWC has been an interesting subject to be investigated with various experimental
and real cases [10, 14-17]. Bouguerra et al. [18] studied the impact of microstructure on the mechanical and
thermal properties of LWC that consists of cement, clay, and wood aggregates. It was found that the pore
structure is substantially effective in the thermal properties of LWC. Sengiil et al. [19] focused on the influence
of expanded perlite replacement with natural aggregate on unit weight, compressive strength, modulus of
elasticity, and thermal conductivity of LWC. The increase of expanded perlite content provided a reduction in
the values obtained for all properties mentioned above. Chen and Liu [20] prepared lightweight concrete, using
polystyrene beads as artificial aggregate, and various amounts of foam. Yildizel and Toktas [21] studied on ultra
high foam concrete. The results indicated that the workability, thermal and strength features of polystyrene beads
foamed concrete can be enhanced with suitable foam content.

It is well known that the conventional concrete that commonly used as a structural material in the
construction industry has some disadvantages such as brittleness, lower tensile strength and insufficient
resistance to crack formation in the structure industry [22]. To achieve the deficiencies and improve the
engineering properties of plain concrete the first application appeared in the early 1960s [23]. Fibers have been
incorporated in the cementitious matrices. Adding fiber to the cementitious materials by considering the various
types, different amounts and volume ratio of fibers is an efficient way to improve the undesirable characteristics
of the conventional concrete [24-26]. The usage of fiber in concrete production provides higher toughness,
energy absorption, flexural strength, compressive strength, and durability while prohibiting crack width
propagation [27-33]. It has also been found that the fiber usage in concrete may cause some negative effects,
such as higher dead load, prolonged mixing/placing time and reduction of workability of fresh concrete [34-36].

Basalt fiber (BF), is a new reliable, eco-friendly fiber type attained by extracting melted rock without
adding any additive material [37]. Due to its high mechanical performance and more economical manufacturing
process compared with other fiber types, BF has recently attracted manufacturers' and researchers' interest to be
used as reinforcing material in many areas [38-43]. Jiang et al. [44] carried out a study on the mechanical and
microstructure of basalt fiber reinforced concrete. While using BF had a positive effect on flexural strength,
tensile strength, and toughness index of LWC, a slight increase in compressive strength of concrete was sighted.
Results demonstrated that the BF length influenced the mechanical characteristics of LWC and the addition of
BF changed pore structure. High et al. [45] confirmed that the BF usage fiber showed a slight impact on the
compressive strength of LWC, whereas, it considerably improved flexural rupture modulus. Ayub et al. [46]
searched the combined effects of additive and BF on high-performance fiber reinforced concrete. The results
showed that, though, adding BF up to 2% volume increased compressive strength, the higher volume of BF
decreased the strength values due to the occurrence of voids. It was also concluded that there was no important
impact of BF on Young’s modulus.

The target of the study is to reach the impact of BF content and pumice aggregate amount on the
flowability, mechanical of lightweight mortars (LWM). The fundamental features of BF reinforced LWM such
as sorptivity, water absorption, workability, compressive strength and flexural strength were experimentally
examined and the correlations between these parameters were demonstrated in this study. Besides, the
experimental results were assessed by statistical analysis and determined the effects of variables on each other.

2. EXPERIMENTAL STUDY
2.1. Materials Properties

Portland cement (CEM 1 52.5 N) according to TS EN 197-1 is preferred as a basic binding material for all
mixtures in this study. The table provided in Table 1 contains the chemical components of the cement that has
been utilized.
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Table 1. The chemical properties of the cement

OXidES(%) K,0O MgO Na,O SO, CaO Fe,O3 A|203 S|02
CEM 525N | 0.68 1.60 0.14 242 63.28 3.12 5.02 18.91

River sand, having 0.5 and 2.63 values for water absorption value and specific gravity, respectively, and
Nevsehir (in Turkey) pumice aggregate, having 25.6% and 1.37 values for water absorption value and specific
gravity, respectively, were used as fine aggregate in the experimental study. The chemical properties of pumice
aggregate were also given in Table 2.

Table 2. The chemical properties of lightweight aggregate

OXidES(%) K,0O TlOZ Na,O SlOZ A|203 Fe,O3 CaO MgO
LWA 4.32 0.15 3.17 70.14 | 16.44 1.01 0.74 0.2

The maximum particle sizes of both river sand and pumice aggregate were 4 mm in the study. Figure 1
illustrates the particle size distributions of fine aggregates.
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Figure 1. Particle size distributions of the fine aggregates

Basalt fiber with a length of 3 mm was utilized in this research. Specific gravity and aspect ratio of the BF
are 2.78 and 214, respectively. Polycarboxylate ether-based superplasticizer was preferred to obtain proper
viscosity and workability in fresh fiber-reinforced lightweight mixtures.

2.2. Mixtures and Testing Methods

Laboratory tests were carried out before pumice aggregate substitution rates and basalt fiber amounts were
determined, and the engineering properties of the mortars produced were aimed to remain within certain limits,
taking into account the effects of these two materials on each other. When the literature studies were examined,
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it was seen that there were studies using basalt fiber at a maximum rate of 0.2% [48] as well as studies using a
maximum rate of 2% [49]. In this study, fiber was added at a maximum rate of 0.5% by volume, taking into
account the decrease in strength values when used with aggregate. All mixtures have a constant aggregate-
cement ratio of 2.75 and a water-cement ratio of 0.49. Aggregate combinations were prepared by partially
replacing river sand with pumice aggregate at 0%, 25%, and 50% of the volume of the river sand. BF contents of
the mixtures were determined as 0%, 0.25%, and 0.5% of the total volume of mortar. In the laboratory, nine
distinct LWM mixtures were created under normal room temperature conditions. The table labeled "Table 3"
contains this experimental study's relevant mixing details. The description of each mix varies according to the
amount of the lightweight aggregate (LWA) and basalt fibers added during mixing. For instance, LW50-F0.25
demonstrates that for this LWM mixture the content of LWA and volume fraction of BF were 50% and 0.25%,
respectively.

Table 3. Mix proportions of mixtures for 1 m*

Lightweight aggregate

Mix description Cement Sand Water BF 2-4 mm 1-2mm  0-2mm
LWO0-F0 500 1375 242.5 0 0 0 0
LW25-F0 500 1031.25 242.5 0 27.71 29.27 121.55
LW50-F0 500 687.5 242.5 0 55.42 58.55 243.11

LW0-F0.25 500 1375 242.5 18.9 0 0 0
LW25-F0.25 500 1031.25 242.5 18.9 27.71 29.27 121.55
LW50-F0.25 500 687.5 2425 18.9 55.42 58.55 243.11
LWO0-F0.5 500 1375 2425 37.8 0 0 0
LW25-F0.5 500 1031.25 2425 37.8 27.71 29.27 121.55
LW50-F0.5 500 687.5 2425 37.8 55.42 58.55 243.11

After mixing the combined aggregate with basalt fiber for about 3 minutes, the other materials were added
to the pan mixer and it took another 5 minutes to mix them all. All specimens were unmoulded after 24 h and
stored in water curing tanks until testing at the age of 28 days.

A flow table test was conducted to determine the consistency of the fresh fiber-reinforced LWMs. The
compressive strengths of hardened LWMs with 50 x 50 x 50 mm dimensions at 28 days were tested using a 3000
kN capacity universal testing machine. Flexural strengths of the LWMs were measured on prismatic samples of
40x40x160 mm at the age of 28 days through three-point bending test apparatus having a span of 100 mm. The
loading rate of the compressive strength and flexural strength tests were determined as 0.5 kN/s and 0.1 kN/s,
respectively.

Water absorption and capillary water absorption values were reached through experiments on cubic samples
with dimensions of 50x50x50 mm. The LWM specimens were dried in an oven at 105 = 5 °C for 24 h and
recorded the dry weights of the samples. After being submerged in water for 24 hours, the weight of the
specimens was measured at their saturated surface dryness. Three samples were tested at 90 and 28 days. Figure
2 illustrates flowchart of mixing procedure and experiments conducted.



MAUN Mihendislik-Mimarlik Fakltesi Dergisi,5(1),1-14,2024/MAUN Journal of the Faculty of Engineering and Architecture, 5(1),1-14,2024
Arastirma Makalesi/Research Article

Sand

Slump test

1 min

Cement Basalt fiber

Pumice
aggregate

B 1 Cube sample

~

Analysis of variance Sorptivity test  Water absortion Compressive strength Unit weight test Flexural strength
test test test

Beam sample

Figure 2. Flowchart of mixing procedure and experiments

3. RESULTS and DISCUSSION

3.1. Flow Table Test Results

The results of slump flow measurements demonstrate the free deformation ability of the fresh mixtures and
flowability is a significant parameter due to representing compactness, porosity, and density of samples in the
hardened state. The fibers usage in cementitious matrices has a negative effect on the workability performance of
fresh mixtures [25, 34].

The determination of fresh mortar spread was performed by the average of two perpendicular
measurements. Flow properties of fresh mortars considering BF content and LWA amount were indicated in
Figure 3. The highest flow value of 55.5% and the lowest flow value of 15% were measured in the BF free LWO
mix and LWM50 mix that contains BF volume of 0.5%, respectively. As expected, the increase in BF volume
negatively affected the fluidity of all the mixtures. LWM25 and LWM50 mixtures had almost the same flow
values with decreasing trends. It means that adding LWA also decreased the fluidity of mortars. This can be
attributed to the angular shape of the LWA particles and pore structure [47].
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Figure 3. Slump flow results of fresh mixtures

3.2. Dry Unit Weight

The dry unit weight values of specimens were given in Figure 4. Results showed that the dry unit weight of
mortars decreased with increasing LWA content. The BF content had no substantial effect on decreasing dry unit
weight values. Unit weight results ranged between 1520-2070 kg/m3. The maximum dry unit weight value was
obtained with BF-free specimens in the LWMO mix. The minimum dry unit weight value was achieved with a
BF volume of 0.5% in the LWM50 mix.
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Figure 4. Dry unit weight results of cubic samples
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3.3. Compressive and Flexural Strength

The compressive strength values of mortar specimens at 28 days were presented in Figure 5. As the LWA
content increased, the strength of all mixes declined independently of the amount of BF. In the LWAO mix, the
addition of BF with the volume fractions of 0.25% and 0.50% increased the compressive strength of the mortars
by 0.21% and 13.55% respectively. The effect of BF amount change on the compressive strength of LWM for
LWAZ25 mix was fluctuant, whereas, adding BF with 0.25% and 0.50% volume fractions resulted in a decrease
of the compressive strength of LWM in the LWAS50 mix by 10.16% and 13.21%, respectively.
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Figure 5. Compressive strength (MPa) values of hardened samples

Considering all specimens, the highest compressive strength value of 49.5 MPa was attained with BF
content of 0.5% and LWA amount of 0% in the LWAOQ mix. The minimum compressive strength result of 28.75
MPa was obtained with a BF volume of 0.5% and LWA amount of 50% in the LWA50 mix. Deterioration of the
strength with the incorporation of both BF and LWA can be attributed to void occurrence due to fiber addition
and weaker bond of LWA and fiber-reinforced matrix.

Figure 6 shows the flexural strength results of mortar specimens. The LWA content increment caused a
decline in flexural strength values of specimens reinforced with BF volume fractions of 0.25% and 0.50%. In the
mixes without BF, the flexural strength of samples with the LWA content of 25% slightly improved by 2.24%,
but the increase of LWA content up to 50%, caused a decrease of flexural strength value by 19.66%. It is also
seen that the increase of BF content had a positive effect on flexural strength characteristics of specimens
without LWA addition. According to the results, the maximum flexural strength value of 11.74 MPa, and the
minimum flexural strength value of 7.73 MPa were reached at the same BF volume fraction of 0.5% with an
LWA amount of 0% and LWA amount of 50%, respectively.



MAUN Mihendislik-Mimarlik Fakltesi Dergisi,5(1),1-14,2024/MAUN Journal of the Faculty of Engineering and Architecture, 5(1),1-14,2024

Flexural strength (MPa)

14

12

10

Arastirma Makalesi/Research Article

OFo
EF0.25
B F0.50

0 25 50
Lightweight aggregate (%)

Figure 6. Flexural strength (MPa) values of hardened samples

The correlation between compressive strength and flexural values of all LWMs obtained from experimental
test results was illustrated in Figure 7. The obtained best fit curve can be expressed by a simple exponential
function. The coefficient of correlation (R) between the flexural and compressive strengths of LWMs at 28 days
was obtained as 0.91. It is obvious that there is a strong link between these two critical parameters. Wang et al.
[48] reached a similar conclusion in their study investigating the effect of basalt fiber.
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Figure 7. The correlation between flexural strength and compressive strength values

3.4. Water Absorption and Sorptivity
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Variations of water absorption values of specimens at 28 days were presented in Figure 8. Water absorption
percentage of mortars increased with increasing LWA content in mixes. For both LWA25 and LWAS50 mixes,
the lowest water absorption percentages were obtained with specimens without containing BF. Whereas, the
minimum water absorption value of 8.33% in the LWAO mix was reached with a BF volume of 0.5%.
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Figure 8. Water absorption (%) values of hardened samples
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Figure 9 shows the correlation between compressive strength and water absorption. As seen, there is an
inverse relationship between the two important parameters that affect the mechanical and durability performance
of cementitious materials. The coefficient of correlation (R) between the water absorption (%) and compressive
strengths of LWMs at 28 days was obtained as 0.95.
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Sorptivity results of specimens can be seen in Figure 10. The increase of LWA percentage in mixes resulted
in a decrease in sorptivity values. Generally, reduction of sorptivity is presented as improvement of pore
structure. However, sometimes, when a large open porous structure occurs in the mortar or concrete, the rise of
water by capillary action can reduce.
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Figure 10. Water sorptivity (mm/min~<) values of hardened samples

The maximum sorptivity value of 0.13 was obtained in the LWMO mix with specimens without BF
addition. It was also seen that while BF content was considerably effective on sorptivity values of LWMO mix, it
slightly changed the sorptivity results of LWM25 and LWM50 mixes. The lowest sorptivity value was attained
with the LWMO mix that has a BF volume fraction of 0.5%.

The correlation between sorptivity and water absorption values of specimens were shown in Figure 11. The
correlation coefficient (R) between the sorptivity and water absorption results of all specimens at 28 days were
found as 0.94. It is clear that there is a nonlinear inverse relation between the two characteristics.
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3.5. Statistical Evaluation

It was aimed to reach the statistical analysis results considering the experimental data in this section.
ANOVA (analysis of variance) is used to analyze how the independent variables interact with each other and the
effects of these interactions on the dependent variable. The obtained test results were assessed by the useful
GLM-ANOVA (general linear model analysis of variance) tool in this study. The software of Minitab was
performed for the statistical evaluation. Table 5 submits the analysis results in detail. In this study, slump, unit
weight, compressive strength, flexural strength, water absorption, and sorptivity results were determined as
dependent variables whereas aggregate content (%) and fiber content (%) were chosen as independent variables.
The p-value indicates whether the independent variables have a significant effect on the dependent variables.
The p-values lower than 0.05 represent the meaningful influence of independent variables. When Table 5 is
examined, it can be stated that the effectiveness level of aggregate content and fiber content varies according to
the conducted different tests. Aggregate content has a meaningful impact on the unit weight, compressive
strength, flexural strength, water absorption, and sorptivity results, whereas, fiber content is the independent
variable that affects the slump results.

Table 5. Statistical analysis results for this experimental study variables

p- Contribution
Dependent variable independent variable | SumSg® | DF® | MeanSq* F value (%) Case
Slump Aggregate (%) 177.388 2 88.694 5.534 0.070 8.811 nonsignificant
Fiber (%) 1771.722 2 885.861 55.270 0.001 88.004 significant
Error 64.111 4 16.028 3.185
Unit Weight (Dry) Aggregate (%) 0.373 2 0.187 419.647 | 0.000 99.054 significant
Fiber (%) 0.002 2 0.001 2.008 0.249 0.474 nonsignificant
Error 0.002 4 0.000 0.472
Compressive Strength Aggregate (%) 359.205 2 179.603 | 25.207 | 0.005 91.335 significant
Fiber (%) 5.579 2 2.789 0.391 0.699 1.419 nonsignificant
Error 28.5 4 7.125 7.247
Flexural Strength Aggregate (%) 10.352 2 5.176 8.813 0.034 79.381 significant
Fiber (%) 0.34 2 0.170 0.289 0.763 2.604 nonsignificant
Error 2.349 4 0.587 18.015
Water Absorption Aggregate (%) 107.826 2 53.913 | 2819.562 | 0.000 99.819 significant
Fiber (%) 0.119 2 0.060 3.113 0.153 0.110 nonsignificant
Error 0.076 4 0.019 0.071
Sorptivity Aggregate (%) 0.014 2 0.007 29.776 | 0.004 86.917 significant
Fiber (%) 0.001 2 0.001 2.482 0.199 7.245 nonsignificant
Error 0.001 4 0.000 5.838

a:Sum of squares b:Degree of freedom c:Mean of squares

4. CONCLUSION

The obtained results according to the experimental and statistical study are as following:
The increase in volume fraction of BF and LWA content negatively affected the fluidity of all the mixtures.

The dry unit weight of mortars decreased with increasing LWA content, whereas, the variation of BF content had
no significant impact on the results.

While the increment of LWA amount resulted in reduction of compressive strength values, there is no a stable
trend for strength results according to BF content.
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The increase of LWA content has a negative effect on the flexural strength values. The same BF volume fraction
of 0.5% resulted in the maximum flexural strength of 11.74 MPa for 0% LWA amount and minimum flexural
strength of 7.73 MPa for 50% LWA amount.

The tests' results have proven that a robust correlation exists between flexural strength and compressive strength.

Sorptivity and water absorption values were negatively affected from LWA increase. The results vary with the
BF volume fraction. There is an inverse relationship betwen the two parameters with 0.95 R coefficient value.

According to statistical results, aggregate content is effective for the all test results, whereas fiber content has an
influence on the slump values.
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Abstract

Climate change and its effects, which are increasing day by day, and adversely affect the human life. The
world's average temperature trend is tend to increase and the precipitation regime is changing with the effects of
climate change. In this study, changes in Land Surface Temperature and Normalized Difference Vegetation
Index were calculated and mapped in Mus province for the years 2013-2018 and 2023. The obtained NDVI and
LST results were compared and correlation analysis was performed. The highest values of LST were obtained in
the year 2018. It was observed that the study area had more vegetation, especially in the southwest and
northwest, according to NDVI values. It was observed that LST values demonstrated parallel results with the
change in average temperature. For example, the average temperature increased in 2018, and decreased in 2023
and the same results were observed for the LST values. When the spatial-temporal maps were examined, it was
observed that LST values were higher in regions where NDVI values were low, but a strong correlation between
NDVI and LST was not observed during the study period. With this study, changes in vegetation and land
surface temperature in Mus province can be examined on a regional scale and will be useful in taking necessary
precautions.

Keywords: Land Surface Temperature (LST), Normalized Difference Vegetation Index (NDVI), Remote Sensing, Landsat 8

Yer Yiizey Sicakhg (LST) ve Normallestirilmis Fark Bitki Ortiisii (NDVI) Arasindaki iliskinin
Degerlendirilmesi

Ozet

Giin gectikce artan iklim degisikligi ve etkileri hayati olumsuz etkilemektedir. Diinya ortalama sicakligi
artmakta ve yagis rejimi iklim degisikligi etkileri ile degismektedir. Bu ¢caligmada 2013-2018 ve 2023 yillar1 igin
Mus ili 6zelinde yer yiizey sicakliklarindaki (LST) degisimler ve normallestirilmis fark bitki ortiisii indeksi
(NDVI) hesaplamalari yapilmis ve haritalandirilmistir. Elde edilen NDVI ve LST sonuglar1 karsilagtirilmis ve
korelasyon analizi yapilmigtir. 2018 yilinda en yiiksek LST degerleri elde edilmistir. Caligsma alaninin 6zellikle
giineybatisi ve kuzeybatisinda NDVI degerlerine gore daha fazla bitki ortiisiine sahip oldugu goriilmiistiir. LST
degerlerinin ortalama sicakliktaki degisimle paralel sonuglar gosterdigi, 6rnegin ortalama sicakligin 2018 yilinda
arttigl, 2023 yilinda ise diistiigii, LST degerlerinde de ayn1 sonuglarin gézlendigi gériilmiistiir. Olusturulan uzay
mekansal haritalar incelendiginde NDVI degerinin diisiik oldugu bolgelerde LST degerlerinin daha yiiksek
oldugu gozlense de, NDVI ve LST arasinda ¢alisma periyodu siiresince giiglii bir korelasyon gézlenmemistir. Bu
¢aligma ile Mus ilindeki bitki Ortiisii ve toprak sicakligindaki degisimler bolgesel dlgekte incelenebilecek ve
gerekli tedbirler alinmasinda faydali olacaktir.

Anahtar Kelimeler: Yer Yiizey Sicakligi (LST), Normallestirilmis Fark Bitki Ortiisii (NDV1), Uzaktan Algilama, Landsat 8
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ile lisanslanmistir.

1. INTRODUCTION

The global average temperature has been increasing, especially in recent years, due to the increasing human
population and industry and the resulting increase in greenhouse gases in the atmosphere (Korkmaz, 2022). For
example, 2023 has been recorded as the warmest year since 1850, when records began to be kept. While this
situation negatively affects sea water level rise, access to clean water resources and biodiversity, especially on a
global scale, it also leads to an increase in disasters such as floods, drought and forest fires and loss of life and
property on a regional scale. Besides, climate change on a worldwide scale is diminishing water reserves in
numerous regions (Acar, 2024). Due to high temperatures and decreasing rainfall caused by climate change,
fertile agricultural lands are decreasing and desertification is increasing. Emigration from rural areas to urban
areas is increasing due to increasing industrialization, human population and the impact of climate change. This
situation causes urbanization to increase and green areas to decrease. Some of the sun's rays are reflected back
after reaching the surface. While this reflection is less in urban areas where urbanization is intense, it is more in
green areas. Therefore, sunlight is absorbed in urban areas and reflected as heat around it, generating an urban
heat island (UHI) (Oke, 1982). However, many studies have shown that intense urbanization increases urban
heat island effects, while green and wetlands reduce this effect (Amiri et al., 2009; Song et al., 2014). Increasing
temperatures negatively affect human health, cause excessive energy consumption and change biodiversity
(Mercan, 2020). For these reasons, detecting and mapping land surface temperature (LST) changes on an annual
scale becomes important.

Land surface temperature is a very important parameter used to understand climate change and various
chemical and physical parameters (Tomlinson et al., 2011). It reflects the transfer of energy and water between
the Earth's surface and the atmosphere, impacting seasonal occurrence of plant development (Z. Li et al., 2022)
Especially in mountainous areas, the spatio-temporal distribution of land surface temperature is effected by the
topography of the area, land use types and vegetation (Ullah et al., 2023), and this creates a change between land
use changes and land surface temperatures (W. Li et al., 2017). Normalized Difference Vegatation Index (NDVI)
is a method that determines the vegetation density in a region to be observed using remote sensing methods.
NDVI introduces the vegetation density and health. By employing NDVI data for the region, we can observe
alterations in vegetation cover within the area (Sruthi & Aslam, 2015). Researchers frequently use NDVI
analysis in areas such as agricultural drought (Sruthi & Aslam, 2015), land degradation (Eckert et al., 2015), land
use and land cover change (Jung & Chang, 2015; Sahebjalal & Dashtekian, 2013). However, in recent years,
many studies have been conducted to examine the effect of changing vegetation on LST through NDVI analysis
(Julien et al., 2011; S. & C.R., 2016; Sara Afrasiabi et al., 2013; Sun & Kafatos, 2007; Tan et al., 2012; Ullah et
al., 2023). For example, Sara Afrasiabi et al. (2013) conducted a study in the Mashhad, Iran region to examine
the relationship between NDVI and LST, and obtained low NDVI values in regions with low vegetation cover.
They also detected a negative correlation between NDVI and LST through their correlation analysis. Sun &
Kafatos (2007) in their study in North America, in the correlation analysis they conducted to determine the
relationship between NDVI and LST, they obtained positive values in the winter months and negative correlation
values in the warm periods (May-September).

LST is an important parameter used by research to analyze drought, climate change, agriculture and
environmental changes. Therefore, in order to measure LST, stations are established in the fields and spot
measurements are made. However, since these measurements are on a direct and point scale, they do not
represent large areas. Therefore, data obtained from satellites are often used in the literature to make LST maps,
as they can examine larger areas and obtain images (Z. Li et al., 2013; Z. Li et al., 2022; Wang, 2010). In
Turkiye, both NDVI analysis and LST analysis are used by researchers using the remote sensing method
(Mercan, 2020; Yiicer, 2023, Orhan et al., 2014, Balcik, 2014; Sekertekin & Kutoglu, 2016). The list and the
details of the previous studies and this study are indicated in Table 1.
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Table 1. List and details of previous studies
Author(s) Study Area Data Used Method used
Ullah et al. (2023) Himalayan region Landsat 8 LST. NDVI,. LULC
W. Lietal. (2017) China Landsat 8 LST
Sruthi & Aslam (2015) India MODIS LST, NDVI
Eckert et al. (2015) Mongolia MODIS NDVI
JTung & Chang (2015) Korea MODIS NDVI, LULC
Sahebjalal & Dashtekian Iran Landsat ETM+ NDVI, LULC
(2013)
Jullien et al. (2011) Iberian Peninsula NOAA NDVI, LST
Anbazhagan & India Landsat 5, Landsat 7 NDVI, LST
Paramasivam (2016)
Tan et al. (2012) Malaysia Landsat 5, Landsat NDVI, LST
ETM+
Sun & Kafatos (2007) North America GOES-8, GIMMS NDVI, LST
Mercan (2020) Mus Landsat 5. Landsat 8 LST
Yiicer (2023) Safranbolu Landsat 7. Landsat 8 Albedo, LST, NDVI
Orhan et al. (2014) Salt Lake Basin Landsat 5 LST. NDVI, VCI, TVX
Balcik (2014) Istanbul Landsat 5 LST, NDBI, NDVI
Skercetin & Kurtoglu Zonguldak Landsat 5, Landsat 8 LST, NDVI
This study Mus Landsat 8 LST,. NDVI

This study was conducted specifically in the province of Mus, which is located in the Euphrates-Tigris
basin, which is the largest and highest water potential basin in Turkey. Within the scope of the study, NDVI
analysis and then LST analysis were performed for the years 2013-2018 and 2023, and the relationship between
them was examined by correlation analysis. This study, conducted for the province of Mus, which has significant
water potential and agricultural production potential, as well as one of the largest plains in Turkey, will show the
NDVI and LST changes over the region for years.

2. MATERIAL AND METHODS
2.1. Study Area

Mus province is located in the Eastern Anatolia region of Turkey and within the Euphrates-Tigris basin.
Two important rivers, Murat and Karasu, pass through it, feeding the Euphrates River. It borders Erzurum in the
north, Van in the east, Diyarbakir in the south and Bingél in the west (Figure 1). The annual average temperature
(1964-2023) is 9.8°C and the annual average total precipitation is 759.6 ~mm
(https://www.mgm.gov.tr/veridegerlendirme/il-ve-ilceler-istatistik.aspx?k=A&m=MUS). Its average altitude is
1829 m.
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Figure 1. Study area
2.2. Methods

The Landsat 8 Operational Land Imager (OLI) and Thermal Infrared Sensor (TIRS) data has been used in
this study. It has been downloaded from United States Geological Survey (USGS) website
(https://earthexplorer.usgs.gov/). The generation of NDVI and LST involves utilizing the red, near-infrared, and
thermal infrared spectral bands. Three images in total have been gathered between the studied period in the
Landsat and the details of those are given in Table 1. Satellite images were taken with 5 years interval (2013-
2018-2023). All images have almost no cloud cover that can be used as a clear image. Satellite images were
selected from dates close to each other for comparison purposes and investigate the temporal changes in LST and
NDVI. ArcGIS 10.8 and MS-Excel have been used for image processing and analyzing statistical analysis. The
initial image size exceed those of the study area; therefore, they are modified using a Mus City shapefile after
pre-processing. The downloaded and excracted landsat data as study are then used for the calculation of NDVI
and LST maps as illustrated in Figure 2.

Table 2. Spesifications of landsat satellite sensors

Date of Satellite Sensor Path/Row Cl(;ud Cover
acquisition (%)
08/16/2013 OLLI%‘?};? 8 171/33 0.08
08/30/2018 OLLIf‘;Idﬁgt 8 171/33 0.00
08/20/2023 OLIf;l”lr“lIdligt 8 171/33 0.25
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Figure 2. Flow chart of methodology

2.2.1. Calculation of LST and NDVI

Advancements in satellite technology allow for the computation of surface temperatures using thermal
bands present in satellite imagery.

First step of the calculation of LST is the conversion of the digital number (DN) to spectural radiance (LA)
for Landsat 8 and the procedure is given in the equation 1.

L, = RadianceMultiBand * Digital Number + RadianceAddBand (8]

In equation 1, L, is spectral radiance.

After the conversation of DN to L,, next step is the conversation of spectral radiance to temperature given
in the equation 2.

__ K
Ty = ln(%+1) &Y

In equation 2; T,= sensor brightness temperature in Kelvin, K, and K, are the calibration constant for Band
10 and Band 11 in Landsat 8 satellite. Next step is to find fractional vegetation (Fv) by using equation 3 below.

_( NDVI-NDVIpmin )2
v NDVImax—NDVIpin

3)

Where NDV i, is minimum value of NDVI and NDVl,,y is the maximum value of NDVI.

NDVI is can be calculated by using Band 4 (Red) and Band 5 (Near infrared) for Landsat 8 satellite. It is
calculated by following equation 4.

NDVI = (Band 5—-Band 4) (4)

Band 5+Band 4
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Next, the land surface emissitivity can be calculated with the equation 5.

£ =0.004 x F,+0.986 (5)

After all procedure above LST can be calculated as equation 6.

Tp

Tp

LST = 1+(A*7>*lns

(6)

Where A is effective wavelength, a« = h * g =14388 um K, his Plank’s constant, c is speed of light, ¢ is land
surface emissitivity.

3. RESULTS and DISCUSSION
3.1. Spatial-Temporal Distrubiton of LST and NDVI

LST and NDVI are important parameters used to describe the change in land surface. The LST and NDVI
analysis are conducted in this study by using Landsat 8 sattellite in the years 2013-2018-2023. First, the spatial-
temporal maps were created for both LST and NDVI and then the correlation analysis was made between them.
Besides the average temperature changing between the years 2013 to 2023 and LST for study area are given in
Figure 3. As can be detected from the Figure 3, the highest average temperature (13.5 °C) was observed in 2018
and the lowest average temperature (9.8 °C) was observed in 2023. In parallel with these values, the highest LST
values (40.3) were seen in 2018 and the lowest (39.08) in 2023.

16,0 40,4
14,0 { 40,2
12,0 140
o { 39,8
le,O a 39,6§
0,
£ 8,0 { 39,4 _
o B
B 6.0 1 39,2 [95]
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2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
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N LST e=@=Avg Temp

Figure 3. Average temperature and LST of Mus in studied period

The spatial-temporal maps of NDVI and LST for the years 2013-2018 and 2023 are created and given in
Figure 4. With the help of Figure 4, temporal changes on a regional scale can be observed. The NDVI values
ranges between -1 to 1. The highest values mean more vegetation. The scales regarding NDVI values and land
surface features are given in Table 2.
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Table 3. Land surface features based on the values of NDVI (Jafari & Hasheminasab, 2017)

NDVI values Land Surface Feature
NDVI <-0.185 Water

-0.185 <NDVI <£0.156 Soil and very poor vegatation
0.156 <NDVI <0.46 Medium vegatation

NDVI > 0.46 Dense vegatation

A LST_2013 A NDVI_2013

LST_2013 (°C)

B 10.9-29.1

[ 29.2-356 NDVI_2013
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Figure 4. Spatial distribution maps of LST and NDVI
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As aspected lowest NDVI values seen in water areas. The dense vegetation area mostly was observed in the
southwest and northwest part of the study area. It can also seen that, the NDVI ranges from the years 2013 to
2023 didn’t change alot. The NDVI values range the lowest from -0.240 to -0.272 while the highest from 0.628
to 0.649 for the years 2013 and 2023 respectively. Same observations also seen for the LST. Only the maximum
LST values reached to 55.4 in 2018 while 50.9 in 2013 and 51.7 in 2023. When the LST spatial map is
compared, it is seen that the LST values that observed in the northwestern part of the study area tend to decrease
especially in the map of 2023. There is opened the Alparslan-2 dam in 2022. It may be the effect of the dam lake
to decrease of the temperature.

3.2. Correlation analysis of LST and NDVI

Statistical spesification of LST and NDVI values for the years 2013-2018 and 2023 are given in the Table 3.
The lowest NDVI value (-0.181) was observed in the year 2018 while the lowest average NDVI value (0.153)
was also determined in 2018. In addition, it can be also seen from the Table 3 that the maximum LST value is
50.9 [C while the lowest LST seen in 2013 and 2023 with 21.1 [JC. The average LST in 2018 is 40.3, which
means a higher value than the values in 2013 and 2023.

Table 4. Statistical values of LST and NDVI

Years Minimum Maximum Mean

NDVI LST NDVI LST NDVI LST
2013 -0.162 21.100 0.541 37'30 0.161 39.698
2018 -0.181 21.200 0.555 3 050 0.153 40.299
2023 -0.160 21.000 0.560 g 540 0.162 39.084

A spatial distribution map of LST and NDVI was made, and then point values were determined on the map
by using create fishnet section in ArcGIS. Then all values were exported into the Excel to determine the
correlation. Figure 5 shows the results of the correlation between LST and NDVI. The correlation results
between LST and NDVI were evaluated based on the Cohen standarts (Cohen, 1988). According to Cohen
standards, correlation coefficient values between 0.10 and 0.29 indicate a weak relationship, correlation
coefficient values between 0.30 and 0.49 indicate a moderate relationship, and correlation coefficient values
above 0.50 indicate a strong relationship (Tonyaloglu, 2019). It is found that, the correlation coefficient between
LST and NDVI as 0.07, 0.09 and 0.07 which is weak relationship, in the years 2013, 2018, and 2023,
respectively. Although, the areas where the NDVI values are low, the LST values are high (Figure 4) there is no
significant correlation found between LST and NDVI values. The reason might be the seasonal changes in the
LST and NDVI. (Guha, 2021) also found that seasonal changes affect the relationship between LST and NDVI.
Their study also showed that dry season produced the weak correlation on the LST and NDVI. Marzban et al.,
(2018) studied the seasonal analysis on LST and NDVI correlation. Their findings indicated that the correlation
in LST and NDVT are influenced by factors such as the season, the time of day, and the type of land cover. In
addition, Sun & Kafatos, (2007) determined that there is a positive correlation between LST and NDVI in winter,
whereas it becomes negative during warmer seasons.Besides, the negative correlation between LST and NDVI
found in the study of (J. Tan et al., 2020; Guha & Govil, 2021).
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Figure 5. The scatter plot of NDVI and LST for the years 2013,2018, and 2023.

4. CONCLUSION

The spatial-temporal map of the NDVI and LST for the years 2013, 2018, and 2023 were determined using
Landsat 8 satellite images for the city of Mus. When the LST changes calculated between 2013 and 2023 were
examined, the regions where the changes occurred could be determined with the spatial map created. When
compared the statistical results of the LST, the year 2018 produced the highest LST values than the years 2013
and 2023. In the year 2018, the lowest average (0.153) and the lowest minimum (-0.181) NDVI values has
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determined. The southwest and northwest part of Mus has more vegetation according to spatial map of NDVI.
Although the partly areas that have low NDVI values have higher LST, overall there is no significant correlation
determined between LST and NDVI. Since the correlation can not be found strong, it might be the seasonal
affect. Because of this, determining the LST and NDVI with seasonal can be effective for the future study. In
addition, the affect of land use land cover change over the LST and NDVI can be a recommendation for studing.
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Ozet

Bu caligmada kafes yapilari olusturan birim hiicrelere eklenen ek dikmelerin yapinin mekanik 6zelliklerine etkisi
incelenmistir. Birim hiicre yapisi olarak piramit yap1 secilmis ve bu yapiya yanal ve capraz destek dikmeler eklenerek farkli
yikler altindaki davraniglari karsilastirilmistir. Modellenen kafes yapilara sonlu elemanlar yontemiyle ¢ekme, egme ve
burulma momenti yiikleri uygulanmistir. Analizlerde malzeme olarak eklemeli imalatta da siklikla kullanilan Inconel 718
kullanilmigtir. Yapilan analizler sonucunda piramit yapiya ¢apraz desteklerin eklenmesi ile ¢ekme yiikii altinda en diisiik
gerilmeler elde edilirken, yanal desteklerin eklenmesiyle de egme ve burulma yiikleri altinda en diisiik gerilmeler elde
edilmistir. Ancak yanal ve ¢apraz dikmelerin eklenmesiyle kafes yapida meydana gelen kiitle artislarinin hesaba katilmasi
gerekliligi unutulmamalidir.

Anahtar Kelimeler: Eklemeli imalat, Inconel 718, Mekanik Ozellikler, Sonlu Elemanlar Analizi

Effect of Additional Struts on Mechanical Behavior in Lattice Structures

Abstract

In this study, the effect of additional struts added to the unit cells forming lattice structures on the mechanical properties
of the structure was examined. Pyramid structure was chosen as the unit cell structure and lateral and cross support struts
were added to the structure and its behavior under different loads was compared. Tensile, bending, and torsional moment
loads were applied to the modeled lattice structures using the finite element method. Inconel 718, which is also frequently
used in additive manufacturing, was used as the material in the analysis. As a result of the analysis, the lowest stresses were
obtained under tensile load by adding cross struts to the pyramid structure, while the lowest stresses were obtained under
bending and torsion loads by adding lateral struts. However, it should not be forgotten that the mass increases that occur in
the lattice structure with the addition of lateral and cross struts must be considered.

Keywords: Additive Manufacturing, Inconel 718, Mechanical Properties, Finite Element Analysis
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1. GIRiS

Eklemeli imalat li¢ boyutlu modelleme ile en basitinden en karmasigina kadar ¢ok ¢esitli yapilarin
tiretilmesinde kullanilan bir {iretim yontemidir. Karmasik yapilar iiretme, tasarim o6zgiirliigii, hizli prototip
olugturabilmesi ve atiklarin en aza indirilmesi eklemeli imalatin avantajlar1 olarak siralanabilir [1]. Eklemeli
imalat ile tretilen pargalar havacilik-uzay, biyomedikal, savunma sanayi, otomotiv endiistrisi gibi farkl
uygulama alanlar1 bulabilmektedir [2-5]. Farkli iiretim teknikleri de bulunmakla birlikte temelde eklemeli
imalat, malzemelerin katman katman {ist iiste basilmasi islemidir. Eklemeli imalat, sadece prototiplerle sinirl
kalmayip, uygun maliyetli triinler, giiglii ve hafif pargalar, esnek tasarimlar, malzeme israfinin en aza
indirilmesi, erisim kolayligi, hizli tasarim ile iiretimler ve daha birgok avantaj sunmasi nedeniyle kiiciik dlcekli
bir imalat olarak da kullanilmaktadir [6].

Kafes yapilar, yiiksek miktarda gozeneklilik igeren, bir veya daha fazla tekrarlanan birim hiicreye dayanan
topolojik olarak siralanmus yapilardir [7,8]. EKklemeli imalatta hafif pargalar {iretmek veya var olan parcanin
hafifletilmesini saglamak ic¢in kafes yapilar siklikla kullanilmaktadir. Bu yapilar tasarim ozgirligi, cok
fonksiyonlulugu, tekdiizeligi ve tekrarlanabilirligi ile 6ne ¢ikmaktadir [1]. Kafes yapilar1 mekanik tepkisi,
morfolojisi ve geometrik dagilimina gore siniflandirilabilir [9]. Metal eklemeli imalatta en ¢ok titanyum,
aliminyum, bakir, nikel, paslanmaz ¢elik alagimlar gibi malzemelerin kullanildigi séylenebilir [10,11]. Nikel
bazli kafes malzemeleri, yiiksek sicaklik direnci, korozyon direnci, hafiflik ve yiiksek mukavemet gibi
olaganiistii mekanik 6zelliklere sahiptir ve bu da onlar1 g¢esitli hafif yapisal malzemeler iiretmeye uygun hale
getirir [12]. Banati ve ark. [13] yaptiklar1 ¢alismada Inconel 718 alasim tozlar ile {irettikleri dikme tabanh kafes
yapilarda mikroyapinin etkisini incelemislerdir. Basma testleri sonucunda olusan gerilmeleri haritalandirmak icin
sonlu elemanlar analizi yonteminden yararlanmiglardir. Sonugta kafes yapidaki degisikliklerin, temel
malzemenin mikro yapisina ve takviye kafes alanlarinin boyutuna biiytik 6lciide bagli oldugunu gostermislerdir.
Seremet ve Babacan [14] secici lazer ergitme ile iiretilen ek dikmelere sahip kafes yapilarmin basma yiiki
altindaki mekanik 6zelliklerini incelemislerdir. Ek dikmelere sahip numunelerin digerlerine gore %18 ile %23
arasinda daha yiiksek 6zgiil mukavemet gosterdiklerini bildirmiglerdir.

Birim hiicre yapilarina ek dikmelerin eklenmesinin kafes yapilardaki deformasyon yapilarini degistirdigini
ve yapinin mekanik 6zelliklerini 6nemli 6lgiide artirabilecegini gosteren pek ¢ok ¢alisma bulunmaktadir [15-19].
Ancak yapilan ¢aligmalarda genellikle basma yiikii altindaki davranislar incelenmistir. Bu ¢alismada ise piramit
birim hiicre yapisina farkli dogrultularda dikmelerin eklenmesinin, yapinin ¢ekme, egme ve burulma momenti
altindaki dayanimlarina etkisi sonlu elemanlar yontemi ile arastirilmistir.

2. GEREC ve YONTEMLER

Bu caligmada eklemeli imalata yonelik olarak modellenen gesitli kafes yapilarin farkli yiikler altindaki
sonlu elemanlar analizleri yapilmistir. Modelleme i¢in piramit (P), yanal ek dikmelere sahip yanal destekli
piramit (Py) ve capraz ek dikmelere sahip capraz destekli piramit (P;) birim hiicre yapilar1 segilmis ve
SpaceClaim programu ile kafes yapilar modellenmistir. Boylece farkli dogrultularda dikmelere sahip yapilar
olusturulmugtur. Segilen birim hiicre yapilari ile modellenen yapilar Sekil 1°de gosterilmistir. Modellerin
boyutlar1 10x10x30 mm’dir. Birim hiicre boyutu 5 mm ve dikme kalinliklar1 1 mm’dir. Modellenen yapilarin
malzemesi Ansys kiitiiphanesinden eklemeli imalatta sik¢a kullanilan Inconel 718 olarak secilmistir. Piramit,
yanal destekli piramit ve ¢apraz destekli piramit birim hiicre yapilari ile olusturulan kafes yapilarin kiitleleri
sirasiyla 3,49 g, 4,90 g ve 4,38 g olarak programdan alinan hacim verileri yardimiyla hesaplanmaistir.
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5mm 1nilm —— 5mm
4[ i ;
Sekil 1. Birim hiicre yapilarinin dlgiileri a) P, b) Py, ve c) P,
Kod | Birim Hiicre Yapisi Model Kiitle (g)
P 3.49
Piramit
Py 4.90
Yanal Destekli
Piramit
P, 438
Capraz Destekli
Piramit

Sekil 2. Ug farkli birim hiicre yapist kullamlarak tasarlanan kafes yapt modelleri ve yapilarin agirhiklart
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Sonlu elemanlar analizinde modellere uygulanacak yiiklerin kafes yapi icerisinde esit dagilabilmesi igin
modellerde mesnetleme ve giic uygulanacak yiizeylerine 2 mm kalinliginda i¢i dolu tabakalar eklenmistir.
Tasarimlart tamamlanan modeller Ansys programinda Mekanik modiiliine aktarilmigtir ve statik analiz
tanimlanmistir. Modellerde kafes yapilarin oldugu yerde daha yogun olacak sekilde ag yapi olusturulmustur
(Sekil 3). Olusturulan ag yapilarin diigiim ve eleman sayilari sirasiyla su sekildedir: P yapisi icin 191890 ve
109483, Py yapisi i¢in 195783 ve 109589, P, yapisi i¢in 201667 ve 112824. Modellere sinir sart1 olarak Sekil
4a’da mavi ile gosterilen yiizeyinden sabit mesnetleme yapilmistir. Yiikleme sarti olarak Sekil 4b’de kirmizi ile
gosterilen yiizeyden +x yoniinde 100 N ¢ekme kuvveti, Sekil 4c’de -y yoniinde 100 N egme kuvveti ve Sekil
4d’de ise x ekseni etrafinda 100 N/mm burulma momenti uygulanmistir. Daha sonra analizler ayr1 ayr
kosturularak her bir yiikleme i¢in modeller {izerinde olusan von-Mises esdeger gerilmeleri incelenmistir.

Sekil 3. Modellere uygulanan ag yapi

Sekil 4. Yiikleme ve sinir sartlar: a) Sabit mesnetleme, b) ¢ekme kuvveti, ¢) egme kuvveti, d) burulma momenti
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3. BULGULAR ve TARTISMA

Kafes yapidaki modellere sonlu elemanlar analizlerinde uygulanan 100 N’luk ¢ekme yiikii sonucunda
yapilardaki en yiiksek von-Mises esdeger gerilmeler Sekil 5°te verilmistir. Uygulanan yiikleme sonucunda
piramit (P) kafes yapisinda yaklagik olarak 80 MPa, yanal dikme destegine sahip piramit (Py) kafes yapisinda
yaklasik olarak 51 MPa, ¢apraz dikme destegine sahip piramit (P¢) kafes yapisinda ise yaklasik olarak 30 MPa
gerilme meydana gelmistir. Yanal ve ¢apraz dikme destegi piramit kafes yapinin kiitlesini sirasiyla %40 ve %26
oraninda arttirmustir. Buna karsilik yanal ve ¢apraz dikme destekli piramit yapilarda desteksiz piramit yapiya
gore ¢cekme yiikil altindaki gerilmeler sirasiyla %37 ve %63 oranlarinda azalmigtir.
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Sekil 5. Cekme yiikii sonucunda kafes yapilardaki en yiiksek von-Mises esdeger gerilmeler

Sekil 6’da sonlu elemanlar analizi sonucunda 100N’luk egme yiikii altinda yapilarda olusan en yiiksek von-
Mises esdeger gerilmeler verilmistir. Yik altindaki P, Py ve P¢ kafes yapilarinda sirasiyla 666 MPa, 478 MPa ve
502 MPa gerilmeler olugmustur. Desteksiz piramit kafes yapiya gore yanal destek dikmeleri yapida olusan
gerilmeleri %28 azaltirken, ¢apraz destek dikmeleri ise %25 azaltmistir. Yalnizca gerilmelere bakildiginda yanal
destek dikmelerinin yapidaki gerilmeleri diisirmede daha basarili oldugu sdylenebilir. Py’nin kiitlesinin
P¢’ninkinden %12 daha fazla olmasina ragmen, P¢ yapisindaki gerilmeler P’deki gerilmeleri, Py yapisindakilere
gore %5 daha az diisiirdiigii goriilmektedir. Dolayisiyla kiitle artislar1 da hesaba katildiginda P¢ yapisinin egme
yiikii altinda Py’ye gore daha iyi sonug verdigi soylenebilir.
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Sekil 6. Egme yiikii sonucunda kafes yapilardaki en yiiksek von-Mises esdeger gerilmeler

100 N/mm’lik burulma momentinin uygulandigi analizler sonucunda kafes yapilarda olusan en yiiksek
gerilmeler Sekil 7°de verilmistir. Burulma momenti sonucunda P kafes yapisinda 68 MPa, yanal dikme destegine
sahip Py yapisinda 23 MPa, ¢apraz dikme destegine sahip P, kafes yapisinda ise 38 MPa esdeger gerilmeler
meydana gelmistir. Ek dikme desteksiz yapiya gore yanal dikme destekli ve capraz dikme destekli kafes
yapilarda olusan gerilmeler sirasiyla %65 ve %43 azalmstir. Py ve P yapilar1 kendi aralarinda karsilastiracak
olursak, P, yapisinin kiitlesi P, yapisina gore yaklasik %12 fazla iken, P, yapisinda olusan gerilmeler digerine
gére %39 daha diisiiktiir. Sonu¢ olarak burulma yiiklemesi i¢in yanal destekli P, kafes yapinin daha uygun
oldugu soylenebilir.

Esdeger Gerilme [MPa]
I w = u (=)
[en] [an] [e=] [an] [an]

=
=]

P Py Pc

Sekil 7. Burulma momenti sonucunda kafes yapilardaki en yiiksek von-Mises esdeger gerilmeler

Cekme yiikii altinda P, Py ve P. kafes yapilarinda olusan esdeger gerilmeler Sekil 8°de verilmistir. Kafes
yapilar incelendiginde 6zellikle birim hiicre yapilarinin birlestigi kesisim noktalarinda gerilmeler daha yiiksek
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cikmustir. P, yapisindaki ¢ekme kuvveti dogrultusunda bulunan ek dikmelerin yiikii bilyiik oranda tasidig
goriilmiistiir (Sekil 8c). Bdylece yapiy1 diger birim hiicreler ile olusturulan yapilara gore ¢ekme yiikiine karst
daha direncli hale getirmistir.
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Sekil 8. Cekme yiikii altinda kafes yapilarda olugan esdeger gerilmeler a) piramit (P), b) yanal destekli piramit
(Py) ve c) capraz destekli piramit (P,)

Sonlu elemanlar analizi sonucunda egme yiikii altinda her ii¢ kafes yapida olusan esdeger gerilmeler Sekil
9’da verilmistir. Analiz sonuglar1 incelendiginde kafes yapilarin sabit mesnetleme yapildigi tarafa yakin
bolgelerde gerilmeler daha yiiksek ¢ikmustir. Py ve P. yapisindaki ek dikmelerin iizerinde daha fazla gerilme
tasidig1 goriilmistiir. Dolayisiyla ek dikmelerin yiik dagiliminda dnemli bir rol oynadig1 sdylenebilir.
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Sekil 9. Egme yiikii altinda kafes yapilarda olusan esdeger gerilmeler a) piramit (P), b) yanal destekli piramit

(Py) ve ¢) capraz destekli piramit (P.)

Bir diger yiikleme tipi olan burulma momenti altinda kafes yapilarda olusan esdeger gerilmeler Sekil 10°da
verilmistir. Py ve P. yapilarindaki en yiliksek gerilmelerin yanal ve capraz ek dikmelerin {izerinde oldugu
goriilmistiir. Dolayisiyla bu dikmelerin burulma yiikiinii tagidig1 ve yapidaki gerilmeleri diisiirdiigii soylenebilir.

Sekil 10b’de yanal destek dikmeleri sayesinde yapida olusan gerilmelerin azaldigi goriilebilmektedir.
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Sekil 10. Burulma momenti altinda kafes yapilarda olusan esdeger gerilmeler a) piramit (P), b) yanal destekli
piramit (P,) ve c) ¢apraz destekli piramit (P)

4. SONUC

Kafes yapilarda yanal destek ve capraz destek dikmelerinin kafes yapilarda ¢ekme, egme ve burulma
yiikleri altindaki davraniglarina etkisi sonlu elemanlar yontemi ile incelenmistir. Capraz destekli kafes yapidaki
¢ekme kuvveti dogrultusunda bulunan ek dikmelerin yiikii biiyiik oranda tasidigi sonucuna varilmistir. Egme
yikii altinda ise yanal destekli kafes yapida en diisiik gerilmeler meydana gelmistir. Ancak ek dikmeler
nedeniyle kafes yapilarin kiitlelerinin artisindan dolay1r iiretim maliyetleri de hesaba katilarak benzeri bir
yiikklemeye maruz kalacak pargada capraz destek se¢imi daha uygun olabilecektir. Burulma momenti kargisinda
her iki destek dikmeleri de yapidaki gerilmelerde biiyiik diislisler saglamistir. P, ve P, yapilar1 kendi aralarinda
kiyaslandiginda ise, Py yapisindaki yiik fazlalifina ragmen P. yapisina gore gerilmeleri oldukga fazla
diistirmektedir.
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Ozet

Glines enerjisiyle yesil hidrojen tiretimi, glines enerjisinden yararlanmanin ve fosil yakitlarin yanmasindan kaynaklanan
iklim degisikligiyle miicadele etmenin potansiyel olarak timit verici bir yolu olarak degerlendiriliyor. Suyun pargalanmasi
yoluyla giines hidrojeni iiretmek i¢in en ¢ok arastirilan teknikler arasinda fotokatalitik (FK), fotoelektrokimyasal, fotovoltaik-
elektrokimyasal, giines termokimyasal, fototermal katalitik ve fotobiyolojik teknolojiler yer alir. Bu makale, FK teknolojisinin
kapsamli bir incelemesini saglamaya odaklanmaktadir. Bu teknolojinin temelleri ve isleyisine kisa bir genel bakisin ardindan,
fotokatalitik H2 iiretimine iliskin mevcut arastirmalar, giines enerjisinin H2'ye (STH) doniisiim verimliligine vurgu yapilarak
gbzden gecirilmektedir. Sonug olarak, fotokatalitik H2 sentezi iizerine daha ileri ¢alismalarin zorluklari ve hedefleri tartigilmistir.
Ayrica inceleme, suyun ayristirilmast ile dogrudan hidrojen eldesine iliskin onerilerle tamamlaniyor.

Anahtar Kelimeler: Giines Enerjisi, Yesil Hidrojen, Fotokatalitik, Su Ayristirma.

Solar Green Hydrogen Production: Photocatalytic Water Splitting

Abstract

Solar green hydrogen production is considered a potentially promising way to harness solar energy and combat climate
change caused by the burning of fossil fuels. The most researched techniques to produce solar hydrogen through water splitting
include photocatalytic (PC), photoelectrochemical, photovoltaic-electrochemical, solar thermochemical, photothermal catalytic,
and photobiological technologies. This article focuses on providing a comprehensive review of PC technology. After a brief
overview of the fundamentals and operation of this technology, current research on photocatalytic H2 production is reviewed
with emphasis on the conversion efficiency of solar energy to H2 (STH). In conclusion, the challenges, and goals of further
studies on photocatalytic H2 synthesis are discussed. Additionally, the review is completed with suggestions for direct hydrogen
production by splitting water.

Keywords: Solar Energy, Green Hydrogen, Photocatalytic, Water Splitting.
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1. GIiRiS

Mevcut enerji krizine ve diinyanin giderek kotiilesen cevre felaketine en gercekci yanit, yenilenebilir enerji
kaynaklarmin gelistirilmesidir. Bu durum fosil yakitlarin kullamiminda keskin bir diisiisii, daha yiiksek enerji
verimliligini ve hidrojen gibi geleneksel olmayan yakitlarin kullanimim gerektirmektedir. H, iretim yontemleri,
kullanilan hammadde tiiriine gore genel olarak iki kategoriye ayrilabilir [1-4]. Hidrojen, yenilenebilir ve
yenilenemeyen kaynaklar da dahil olmak iizere c¢esitli hammadde kaynaklarindan iiretilebilmektedir. Bununla
birlikte, 2020 y1il1 itibariyla hidrojenin biiyiik bir kism1 (%95) yenilenemeyen fosil yakitlardan, 6zellikle dogalgazin
buharla reformasyonundan iiretilmis olup, hidrojenin geri kalani, su elektrolizi de dahil olmak {izere yenilenebilir
kaynaklardan tiretilmistir. (Mosca ve digerleri, 2020) [5]. Hidrojen, hidrojen iiretim teknolojisine, enerji kaynagina
ve ¢evresel etkilerine gore sirasiyla mavi, gri, kahverengi, siyah ve yesil gibi farkli renk tonlarinda siniflandirilir [6-
7]. Mavi hidrojen, dogal gazin buharla reformasyonundan iretilir. Bu islem sirasinda dogal gaz, hidrojen (H,) ve
karbondioksite (CO,) ayrigtirilarak, iiretilen CO, (%85-95) endiistriyel karbon yakalama ve depolama teknikleri
kullanilarak yeraltinda depolanir ve iiretilen CO;’nin bir kismi geri doniistiirilemez. Gri hidrojen, dogal gaz veya
komiir gibi yenilenemeyen fosil yakitlardan buhar reformasyonu/oto-termal reformasyon prosesi ile iiretilir, bu
proses mavi hidrojen prosesine benzer, ancak iiretilen CO, yakalanmiyor, dogrudan atmosfere karigmaktadir [8].

Kahverengi hidrojen giliniimiizde en ¢ok kullanilanidir ve gazlastirma islemi yoluyla hidrokarbon agisindan
zengin hammaddeden (kahverengi kdmiir veya metan) tiretilir. Yesil hidrojen, elektroliz prosesi ile yenilenebilir su
ve elektrikten iiretilmekte, bu proseste su, sifir karbon emisyonu ile elektrigin etkisi altinda H2 ve oksijene (O2)
ayrilmaktadir [9]. Kiiresel karbonsuzlagtirmaya gegiste, giiniimiizde yenilenebilir enerjiyle ¢alisan yesil hidrojen
iretimi, sera gazi emisyonlarini ve ¢evre kirliligini azaltmanin bir yolu olarak giderek daha fazla kabul edilen
yollardan biridir. Bu nedenle, bu yesil hidrojenin iiretimini ve kullanimini daha 6lgeklenebilir ve ¢ok yonlii hale
getirmeye yonelik ilgi giderek artiyor. Su elektrolizi, yenilenebilir enerji (giines, riizgar) kullanarak suyu hidrojen ve
oksijene ayirmak i¢in kullanilan 6nemli bir teknolojidir [10]. Giines ve riizgar enerjileri, yaygin gii¢ dagitimlar
nedeniyle su elektrolizi yoluyla hidrojen {iretimi i¢in hazirlanmis ve olduk¢a uygun yenilenebilir enerji kaynaklaridir
[10]. En ¢evre dostu yontemlerden biri, suyu giines enerjisi kullanarak H2 elde etmek i¢in ayrigtirmaktir [1]. FK su
ayristirma, temiz hidrojen yakitt liretmek ve iklim degisikligini azaltmak i¢in umut verici bir yaklagimdir. Dogay1
taklit eden, en uygun sekilde hizalanmig elektronik durumlara sahip yari iletken heteroyapilar dikkat ¢eken bir
tasarim olarak one ¢ikmaktadir. Bu siireg¢ ¢evreye zararsizdir ve islem sonucunda herhangi bir sera gazi {iretilmez.
Bir katalizoriin yilizeyinde FK hidrojen iiretmek i¢in giines enerjisinden yararlanmak, mevcut enerji ve ¢evre krizini
¢dzmek i¢in umut verici bir alternatiftir [4]. Bu inceleme, FK yontemi ile hidrojen iiretimin siireci mekanizmasini
aciklamakta ve son gelismelere odaklanmaktadir. Fotokataliz hiicrelerinin temelleri, malzeme ve verimlilik
analiziyle birlikte ele alinmaktadir. Fotokataliz arastirmasinin bu ilgi ¢ekici alaninda gelecekteki uygulamalar igin
pek cok umut var.

2. FOTOKATALITIK HIDROJEN EVRIM REAKSIYONUNUN TEMELLERI

Temel olarak, kullanilan su ayrigtirma terimi, kimyasal bir reaksiyona verilen bir addir. Bu reaksiyonda su, iki
dogal bol kaynak, yani su ve giines 15181 kullanilarak foto katalitik olarak parcalanir. Hidrojen ve oksijen iiretiminin
reaksiyonu, suyun foto indirgenmesi ve oksidasyonu olarak adlandirilir [11]. FK su ayirma sistemi, yari iletken
katalizorler ve giines enerjisi kullanimi yoluyla sudan siirdiiriilebilir ve ¢evre dostu hidrojen yakiti iiretmenin etkili
bir yontemidir. Ayrica FK su ayristirma, yapay fotosentez olarak kabul edilir. Bu, yesil bitkilerdeki giines enerjisiyle
calisan fotosentezle aynidir [12]. Isik kaynakli suyun boliinmesinin FK siirecinde sirasinda 1s1k enerjisi kimyasal
enerjiye doniislir. Es zamanli olarak, Gibbs serbest enerjisini (GE) {iretmek igin su bdlme reaksiyonu hizlandirilir
[12]. Suyun parcalanmasi reaksiyonu iki grup temel reaksiyonu igerir: hidrojen olusum reaksiyonu (HER) ve
oksijen olugsum reaksiyonu (OER) (Denklemler 1-3) [13-14];

Indirgeme : 2H" + 2e ~ — H, E°=0.00V @)
Oksidasyon: 2H,0 + h* — 4H " + O, +4¢” E°=+1.23V 2
Genel reaksiyon: H,0 — H, + 1/2 O, AE°=+1.23V, AG=+237.2kJ/mol (3)
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Dolayisiyla tiim strateji, 15181 absorbe etme ve elektron-delik ciftleri {iretme potansiyeline sahip FK yiizeyler
bulmaktir. Bu elektronlar ve delikler daha sonra katalizér yiizeyinde HER ve OER reaksiyonunda ilerleyebilir.
Ancak bunu yapabilmek igin, katalizériin iletim bandi (CB) kenarinin H,'dan H,'ye indirgeme potansiyelinden (0,00
V) daha negatif olmasi ve yiizeyin degerlik bandi (VB) kenarinin daha pozitif olmasi gerekir. H,O'nun O;'ye 1,23 V
oksidasyon potansiyeli (Bkz. Sekil 1). Sekil 1'de goriildiigii gibi, yari iletkenler {izerindeki fotokatalitik reaksiyonlar,
glines 15181n1n, UV'nin ve/veya VB tlizerinde bir delik (h+) birakarak iletim bantlarina (CB) aktarilan fotojenlenmis
elektronlar olusturan herhangi bir radyasyon kaynagiin emilmesiyle baslatilir. Su molekiiliinden iiretilen iki proton,
2 elektronla reaksiyona girerek hidrojen gazi iretirken, VB ve H,O {iizerindeki mevcut delik oksijen iretimiyle
sonuglanir. Tipik bir proseste yar1 iletkene bagli olarak fotokimyasal reaksiyonun agmasi gereken bir enerji bandi
vardir. Fotokatalitik su boliinmesi durumunda, ideal fotokatalizoriin daha negatif bir redoks potansiyeli ve daha
pozitif bir oksidasyon potansiyeli (NHE'ye karst 0,0 V ve 1,23 V) ortaya ¢ikarmasi gerekir [15]. Termal kayiplarin
bir sonucu olarak, daha genis yaklasim veya uygun yari iletken bant araligi 1,5 ile 2,5 eV arasindadir. Ozetle yar
iletkenin bant araligt degerinin 1,23 V oldugu tahmin edilmektedir [14-17]. Havada yaygin olarak bulunmasi ve sulu
¢ozeltilerde bir miktar ¢oziinebilmesi nedeniyle molekiiler oksijen, FK oksidasyon proseslerinde en sik kullanilan
elektron alicisidir. CB elektronlar1 siiperoksit radikal anyonu (O,) iiretmek igin oksijeni oksitler. Indirgeme
islemlerinin ardindan H,0,, OH ve sonugta H,O {retilir. Literatirde FK hidrojen iiretimi {i¢ asamada rapor
edilmektedir [18]. ilk adimda, arzu edilen enerjiye (yani, FK yari iletkenin Eg'sine esit veya Eg'den biiyiik hv) sahip
foton, FK ylizeye carpar ve FK yar iletken tarafindan emilir. Daha sonra yar1 iletkendeki elektronlar dolu VB bos
iletim bandina gecer. Bunun sonucunda elektronlar (e”) ve delikler (h) olusur. Reaksiyon denklem 4’teki gibi ifade
edilebilir [19].

Yari iletken + hv — ¢ (CB) + h*(VB) 4)

Ikinci asamada foton tarafindan uyarilan elektronlar ve delikler yariiletkenin yiizeyinde serbestce dolasmaya
baslar ve yiizeydeki aktif bolgelerde toplanir. Son olarak basariyla ayrilan elektronlar ve delikler yari iletkenin
yiizeyine dogru hareket edecek ve protonlarla (H+) reaksiyona girecektir [17-19].

Suyun doniisiim veya tiikketime ugramadan ayristirilmasini kolaylastiran yart iletken malzemeler olan
katalizorlere fotokatalizorler denmesi daha dogru olur. Giines enerjisinden H2 verimliligine ve kolay galistirma
yaklagimindan dolay1 dnceki seceneklere gore daha giivenilir bir iglemdir. Yeterli enerji ile 1ginlama iizerine yari
iletken yiizey, elektron-delik ciftlerinin olugmasina neden olur. Bu elektron-delik ciftleri kolayca yeniden birlesme
egilimindedir ve son derece kararsizdir. Ote yandan yiik tasiyicilari, katalizér yiizeyinde kimyasal bir reaksiyon
baglatan yapisal veya elektriksel manipiilasyonla tasinir. Giines 15181 altinda su ayristirma reaksiyonunun
verimliligini gostermek i¢in, FK su ayristirma reaksiyonlari, 1,5 kiiresel (AM 1,5G) aydinlatma altinda giinesten
H2'ye STH yonelik baska bir parametreyle iliskilendirilir [20].

Isleyen bir FK sistemin en temel &zelligi sunlardir:

Birincisi, daha iyi ylik aktarim hareketliligi saglama yetenegi; ikincisi, kolay sentetik siirecin verimli bir
reaksiyon mekanizmasiyla birlestirilmesi; son olarak, fotoaktif bolgelere ulagmak i¢in nano mimariyi etkilemek
amaciyla fotonlarin 6nemidir. Enerjiyi 1s1 veya 151k olarak dagitan yiik tasiyicilari, yari iletkenin yiizeyine hareket
edebilir veya kiitlesi icinde yeniden birlesebilir. Fotokatalistin ylizeyinde adsorbe edilen kimyasal tiirlerle redoks
reaksiyonlarini hizlandiran yiizeydeki yiik transfer aktivitelerine katilabilirler. Bir yari iletkenin hedeflenen redoks
reaksiyonlarin1 gerceklestirme kapasitesi, bant araligi enerjisine ve VB ve CB'min bant kenar potansiyellerine
baglidir. Reaksiyonlarin termodinamik olarak miimkiin olmasi i¢in, CB kenar potansiyeli ve VB Kkenar
potansiyelinin, sirastyla amaglanan reaksiyon indirgeme ve oksidasyon potansiyeli ve potansiyelinden sirasiyla daha
negatif ve daha pozitif olmas: gerekir. Reaksiyonlarin mekanizmalar1 ile ilgili olarak, FK su ayrigmasinin prensibi,
foto-elektrokimyasal su ayrigmasinin prensibine benzer [17]. Ikisi arasindaki temel fark, Reaksiyon bolgelerinin
konumundan olusur. Foto-elektrokimyasal siiregte bu reaksiyonlar sirasiyla foto-anot ve katotta gerceklesir. FK
proseste hem anot hem de katot fonksiyonlarimi sergileyen fotokatalizoriin yiizeyinde hem oksidasyon hem de
rediiksiyon meydana gelir. Foto-katalitik ve foto-elektrokimyasal su ayrigmas: arasindaki pratik fark, ikincisinin
hem oksijen hem de hidrojenin ayr1 ayr1 gelismesiyle sonuglanmasi, birincisinde ise her iki gazin bir karigiminin
olusmasidir.
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Sekil 1. Katalitik yiizeyde fotokatalitik hidrojen iiretimi siirecinin sematik gdsterimi

Tek Fotokatalistli Su Bolme Sistemleri: Su anda FK genel su ayristirma iki ana yontem kullanilarak
gerceklestirilmektedir. Bu yaklagimlardan ilki, tek bilesenli fotokatalizérler kullanilarak tek adimli foto uyarim
yoluyla suyun ayrigtirtlmasidir [21]. Calismalar, kullanilan malzemenin dar bir bant araligina sahip oldugunu ve
ayn1 zamanda 6nemli dl¢lide yiliksek bir asir1 potansiyele sahip oldugunu gdstermektedir; bunlar, fotoaktivasyonu
kolaylagtirmak i¢in arzu edilen 6zelliklerdir.

Bu, termodinamik olarak daha negatif bir CB potansiyeli nedeniyle reaktanlarin daha iyi indirgenmesine ve
oksidasyonuna yol agar ve termodinamik olarak daha pozitif bir VB potansiyel seviyesi uygulanir. Bu nedenle, tek
bilesenli fotokatalizorler, 1sikla etkinlestirilebilecek kadar kiiciik bir bant araligmma ve toplam su bdliinmesini
saglamak i¢in uygun bant kenar1 potansiyellerine sahip olmalidir [22].

Tip II Fotokatalistli Su Bolme Sistemleri: Tek bilesenli fotokatalist konfigiirasyonundaki eksiklikler nedeniyle,
aragtirmacilar fotokatalistlerin konfigiirasyonlarim1 ayarlamaya calismuslardir [23]. Ornegin, iki yari iletken
kullanilmasiyla yiik ayirma verimliliginin ve FK performansin artirilmasi hedeflendi ve bu tiir konfigiirasyonlara tip
Il heteroeklem ad1 verildi. Nano yapilar uygun bir heteroeklem tipi FK sistem tasarlamak, elektronlar1 ve delikleri
iki farkli konumda izole edebilir, boylece fotojenlenmis tasiyicilarin omriinii uzatabilir. Tip II heteroeklem
sistemlerinde gaz olusumu iki ayr1 fotokatalizorde meydana gelir: H2 evrimi fotokatalizorlerinde HER ve O2 evrimi
fotokatalizorlerinde OER [22-23]. Heteroeklem tipi yari iletken nanokompozitlerin yiikk ayrimmi kolaylastirma
yetenegine ragmen, FK Yiik aktariminin dogasindan dolay1 elektronlarin ve deliklerin daha elektropozitif CB ve
elektronegatif VB potansiyellerine gé¢ etmesi nedeniyle sistemin redoks yetenegi zayiflar.

Fotokatalitigin ayrintili bir sekilde anlasilmasi igin elektron donoérleri ile yari iletken yiizey arasindaki
etkilesimin molekiiler diizeyde arastirilmasi 6nemlidir. Bir elektron dondriiniin belirli bir kimyasal etkilesimle
adsorbe edilip edilmedigi 6zellikle ilgi ¢ekicidir; i¢ kiiresel olarak ylizey bolgeleriyle koordineli olup olmadig1 veya
ylizeyle elektrostatik veya hidrofobik etkilesim yoluyla daha az spesifik olarak adsorbe edilip edilmedigi olduk¢a
onemlidir. Reaksiyon hiz1 ve yolunun spesifik molekiiler yapiya ve yiizey ile adsorbat arasindaki baglanmaya biiyiik
Olciide bagl olmasi beklenir. Bununla birlikte, makroskobik davranisi agiklamak igin Onerilen kati/sulu ¢ozelti
arayiiziinin molekiiler modelleri biiylik 0lgiide varsayimsaldi ve ¢ok az yerinde spektroskopik kanitla
destekleniyordu. Bilesim ve molekiiler diizenlemenin yani sira, malzemenin morfolojik boyutu da bu énemli hususa
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katkida bulunmaktadir. FK bir yiizeyin bant araligina esit veya daha bilyiik enerjiyle aydinlatilmasi, elektron-delik
ciftlerinin olusmasina yol acar. Nanoyapi icerisinde iiretilen bu fotojenlenmis yiik tasryicilarinin yiizeyde bulunan su
molekiilleri ile reaksiyona girmesi gerekmektedir. Bu ylizeye ulagma siirecinde yiik tastyicilari rekombinasyona
ugrar veya kusurlu bdlgelerde sikisip kalir. Hidrojen elde etmek i¢in suyun boliinmesine ugrayan bir nanokristal,
dort elektron tiretimi gerektirir ve ayrica suyun indirgenmesine de dayanir. Bu nedenle dort elektron iiretebilmek
icin nanokristal yiizeyine kisa siirede, uygun enerjiye sahip dort fotonun ¢arpmasi gerekmektedir. Giines foton aki
yogunlugunun 2000 pmol s m? oldugu tahmin edilmektedir. Bu nedenle fotonlarin nanopartikiiller tarafindan
absorbe edilmesi i¢in en az 4 ms siireye ihtiya¢ vardir ve yiik tasiyicilarin dmriiniin 1 ps oldugu tahmin edilmektedir
[24].

2.1. Foto-Katalitik Hidrojen Uretimi igin Yar1 iletken Malzemeler

Suyun ayrigtirtlmasi yoluyla FK hidrojen iiretimi i¢in miikemmel yari iletken malzeme asagidaki genel
gereksinimleri karsilamalidir: istenen indirgeme ve oksidasyon reaksiyonlar: i¢in diisiik asir1 potansiyeller, uygun
bant kenar1 konumlandirmasi, iyi 151k emilimi, verimli yiik aktarimi, kimyasal ve fotokimyasal stabilite, diigiik
maliyet ve bolluk. Goriiniir aralik (400 nm < A < 800 nm), Diinya yiizeyine gelen giines enerjisinin yarisindan
fazlasini olusturur. Sonug olarak, giines uygulamalarina yonelik fotokatalizoriin hem UV hem de goriiniir bolgeleri
kullanabilmesi gerekir. FK hidrojen tiretimi igin ¢ok ¢esitli malzemeler arastirilmis olsa da (TiO,, B, TaNs, a-Fe,0s,
BiVO,, Zn0) [21,25-35], Titanyum dioksit (TiO2), H2 iiretimi ile atik sudaki bilegiklerin bozunmasi arasindaki
iliskiyi arastiran en ¢ok rapor edilen fotokatalizordiir [21]. Sekil 2°de Pt/TiO, yari iletken pargacik sistemi {izerinde
fotokatalitik genel su boliinmesi gosterilmistir.

' CB , 3
VL/“ e%'é )
L N 4H +4e > 2H, (5)
% >
VAf - 2
¢ 1 ,Tio,
y 4 M0+4h>0; 4H" (6)

h &
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Sekil 2. Pt/TiO, yari iletken pargacik sistemi {izerinde fotokatalitik genel su boliinmesinin sematik gosterimi: (1) 151k
absorpsiyonu, (2) VB'den CB'ye elektron uyarimi, (3) e-h rekombinasyonu, (4) O,—'den VB'ye elektron transferi,
(4") metalden H" iyonlarinin indirgenmesine elektron transferi ve (5 ve 6) H, ve O, iiretimi ([21] Acik erisim).

FK hidrojen iiretimi i¢in kadmiyum siilfit (CdS) [31] ve grafitik karbon nitriir [27] gibi diger malzemelerin de
rapor edildigi rapor edilmistir. TiO, anataz, rutil ve brookite olmak {izere ti¢ farkli polimorf halinde bulunur.
Bununla birlikte, hizl1 elektron-delik rekombinasyonundan ve genis bant araligindan muzdariptir. TiO, bant araligi
anataz i¢in 3,2 eV, rutil i¢in 3,0 eV ve brookite i¢in ~3,2 eV'dir [21,36]. Bu genis bant aralig1, 151k emilimini, giines
spektrumunun yalnizca %4 ila %>5'ini olusturan ultraviyole aralifiyla sinirlar ve dolayisiyla pratik uygulamasini
siirlar. Goriiniir 151k fotokatalizorii olarak grafit karbon nitriir (g-C3N,) biiyiik ilgi cekmistir ve H, iiretimi de dahil
olmak ftizere birgok kullanim ig¢in umut verici bir malzeme oldugu séylenmektedir [27]. Azot agisindan zengin
onciiler tipik olarak g-C3N,'i olusturmak igin termal olarak yogunlastirilir. Polimerik dogasi nedeniyle bant araligi
enerjisini ve bant aralif1 kenarlarinin potansiyel konumunu degistiren iletkenlik, morfoloji ve elektriksel yap1 gibi
ozellikleri degistirmek mimkiindiir [37].
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2.2. Foto-Katalitik Hidrojen Uretiminde Isiga Duyarhilastiricilarin (ID) Onemi

Molekiiler ID, kat1 yari iletkenlerin VB ve CB'sine karsilik gelen en yiiksek dolu molekiiler yoriinge (HOMO)
ve en diisilk bos molekiiler yoriinge (LUMO) enerji seviyelerine sahiptir [38]. Koordinasyon kimyasi yoluyla elde
edilen genis bant aralikli yar1 iletkenlerin molekiiler ID'lerle entegrasyonu, yari iletkenlerin redoks potansiyellerini
degistirmeden 151k emilimini ayarlayabilir. Isiga duyarlilagtirma semasi ID'lerin uyarilmasi yoluyla ¢alisir, Bunu yar1
iletkenlere yiik aktarimu takip eder. Dolayisiyla ID'lerin yari iletken yiizeye baglanmasi, bu tiir hibrit boya-yar1
iletken sistemlerinin verimliliginin anahtaridir. ID, FK sistemde foton kaynakli yiik ayrimini baslatmaktan
sorumludur ve genellikle bir gegis metali kompleksidir. Hibrit FK H, tiretim sistemleri igin ilk adim, 151k toplayan
ID tarafindan foton yakalamaktir. Yani ID, fotosentetik pigmentlere benzer. Su ana kadar metal igermeyen organik
boyalar ve asil metal kompleksleri, hibrit FK yoluyla H, iiretim sistemlerinde ID'ler olarak yaygin sekilde
kullanilmugtir. Ornekler arasinda Ru, Co ve Cu komplekslerine dayali katalizérler bulunur. Digerleri gecis metali
kompleksi PS'lerin yerine organik boyalarin kullanilmasinda bagarili olmustur. Bununla birlikte, bu FK yolla H,
iretim sistemleri ya pahalidir (6rn. Ru, Co ve Cu ID'ler) ya da kararsizdir (6rn. organik boyalar) [39]. Giines
enerjisinden H, iiretimi alanindaki pratik uygulamalarimi simirlandirmaktadir. Bu nedenle, hibrit bir sistemde H,
olusumu i¢in asil metal igermeyen ve ayni zamanda dayanikli ID'ler ve katalizérler tasarlamak son derece arzu edilir
bir durumdur.

2.3. Foto-Katalitik Hidrojen Uretiminde Elektron Rélesi (ER)

ID ile molekiiler sentez katalizorii arasindaki bir FK sisteminin basaris1 ER se¢imine baglidir. Sistemin
kisilmas riski altinda ideal bir rdle, calkalanan ID'yi sakinlestirebilir ve yiikleri ayirabilir. Katalizor elektron aracist
olarak gorev yapar ve ER, uyarilmig kromofordan elektronlari alip ona tagimak i¢in kullanilir. FK, sistemin
basarisin1 garanti altina alacak akilli bir ER kararidir. Elektronlar1 ID'den sonraki H2 iiretimi i¢in katalizorlere
hareket ettirerek, ID'yi bimolekiiler olarak sondiirmek ve sistem azaltma pahasina yiik ayrimima neden olmak igin
kullanilir [38]. ER, fotokimyasal olarak indirgenmis 1s18a duyarlilastirict ile platin arasinda bir elektron mekigi
gorevi gordiigiinden, LUMO enerji seviyesinin konumu verimli elektron transferi igin kritik dneme sahiptir. Sasirtict
bir sekilde, siyanath fenil gruplar tasiyan sentezlenmis dioksitler ER olarak is géren malzemeler arasindadir. Bu
bakimdan LUMO enerji seviyesinin verimli elektron transferindeki konumu agisindan kritik 6neme sahiptir. Hem
1s18a duyarli hale getiriciden hem de ¢ok biiyiik bir enerji degisimi olmadan yeterli itici giice sahip olan katalizore
aktarim yapacak sekilde en uygun sekilde konumlandirilmis gibi goriiniiyor [3, 39].

3. FOTO-KATALITIiK HIDROJEN URETIMI iLE iLGIiLi CALISMALAR

Zhao, D ve ark. [28] fotokatalitik genel su ayristirmasi i¢in basartyla 2D/2D polimerik Z semasi heteroyapisi
olusturdular. Bunu, elektrostatik kendi kendine birlesme stratejisi yoluyla H, ve O, gelisen fotokatalizorler saglamak
icin iyi optimize edilmis bant yapilarina sahip bir ¢ift ultra ince g-C3N4 nano tabaka kullanarak basardilar. Pt ve
Co(OH), yardimc1 katalizorlerinin yardimiyla, bu g-C3N, kendi kendine dayali heteroyapi, %1,16'lik bir giines-
hidrojen verimliligine ulasmustir. Ustiin performans, H, ve O, gelisen bilesenler arasindaki arayiiz {izerinden
dogrudan Z semasi yiik aktarim yolunun olugmasindan kaynaklanmigstir. Bu, yiik ayrimini ve transferini etkili bir
sekilde kolaylastirmis ve bu g-C3N4 kendinden bazli heteroyapisini, su redoks reaksiyonlarinin ayni anda O, ve H,
iretmesi igin yeterli itici gligle donatmustir.

Evrensel su ayrigtirma i¢in metal icermeyen Z dereceli fotokatalitik sistemler olusturmak amaciyla Wang, L. ve
ark. [27] mikro gozenekli polimerler (CMP) ve C,N ultra ince nano tabakalar kullanan polimer bazli van der Waals
heteroyapilarinin yapisini agiklamaktadir. Her iki polimer de goriiniir 11k kullanarak saf suyu ayiramasa da
CMP/C,N heteroyapilar: kullanildiginda H, ve O,'nin 2:1 stokiyometrik oranda olustugu gézlemlenmistir.

Wang, Q ve arkadaslar1 [26], ortam basincinda verimli Z-diizeni suyu ayristirmak i¢in iletken bir karbon filme
dayanan bagimsiz bir parcacikli fotokatalizor tabakast sunuyorlar. Bir SrTiO3:La, Rh/C/BiVO4:Mo tabakasinin, 331
K ve 10 kPa'da %]1,2'lik giines enerjisinden hidrojen enerjisine STH ile yardimsiz saf su (pH 6,8) boliinmesi elde
ettigi gosterilmistir. 91 kPa'da bu verimliligin %80'1 korunmustur. %1,0'lik STH degeri, ortam basincinda ¢alisan Z
semas1 saf su ayristirma islemleri arasinda en yiiksek degerdir. Ortam basincinda kullanilabilen, 6nerilen karbon
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bazli fotokatalizor tabakasi, pratik giines enerjisi hidrojen iiretimi i¢in (foto)elektrokimyasal sistemlere 6nemli bir
alternatiftir.

Wang, Q ve arkadaslart [29], genel su bolinmesi i¢in bir fotokatalizor olarak 1,9eV bant araligiyla
Y, Ti,05S;'nin aktivasyonunu ve stabilizasyonunu gostermektedir. Sirasiyla oksijen ve hidrojen olusumu yardimci
katalizorleri olarak IrO, ve Rh/Cr,05'lin yiiklenmesi ve reaksiyon kosullarinin ince ayarlanmasi tizerine, 20 saatlik
bir reaksiyon sirasinda Y,Ti,OsS, iizerinde stokiyometrik miktarlarda hidrojen ve oksijenin eszamanli iiretimi
saglanmustir. Y,Ti,05S,'nin genel su ayirma o6zelliklerinin kesfi, giines enerjisiyle hidrojen iiretimi igin @imit verici
malzeme yelpazesini genisletiyor.

Wang, Z. ve digerleri [30], kisa bir nitriirleme islemi sirasinda potasyum tiirlerinin buharlagmasi yoluyla kafes
uyumlu kiibik KTaOj3 pargaciklari iizerinde TagNs nanogubuklarinin hizli biiyiimesini gostermektedir. KTaO3'lin
kenarinda segici olarak iiretilen TazNs nanogubuklar, uzaysal olarak ayrilmis ve tane sinirlarindan armmis, iyi
tanimlanmis tek kristallerdir. Tek kristalli TazNs nanocubuklar, Rh/Cr,0O3 yardimer katalizoriiyle birlestirildiginde,
goriiniir 151k ve simiile edilmis giines 15181 altinda suyu ¢ok verimli bir sekilde hidrojen ve oksijene ayirmstir.

Wolff, C. M ve ark. [31], nanopartikiilat indirgeme ve molekiiler oksidasyon yardimci katalizorleriyle
siislenmis CdS nanogubuklar tarafindan es zamanlh H, ve O, evrimini rapor etmektedir. Indirgeme ve oksidasyon
bolgeleri, proseste kullanilan tek yardimci ajan olan CdS nanogubuk sekli ile mekansal olarak ayrilmigtir. Hidrojen,
nanogubugun uglarinda biiyiiyen Pt nanopartikiilleri tizerinde {iretilirken, Ru(tpy)(bpy)Cl, bazli oksidasyon
katalizorleri, nanogubugun yanlarina ditiyokarbamat baglari araciligiyla sabitlenir. Sistem, anizotropik nanokristaller
iizerinde nanopartikiilat ve molekiiler katalizorlerin birlestirilmesinin, goriiniir 1g1kla tahrik edilen fotokatalitik su
boliinmesi i¢in etkili bir yol sagladigini gdstermektedir.

Liu, J. ve digerleri [32], metal igermeyen karbon nanodot-karbon nitriir (C3N4) nanokompozitinin tasarimini ve
iretimini rapor ettiler ve fotokatalitik gilines enerjisiyle su ayristirma konusundaki etkileyici performansini
gosterdiler. A = 420 + 20 nanometre dalga boyu igin %16, A = 580 + 15 nanometre i¢in %6,29 ve A = 600 £+ 10
nanometre i¢in %4,42 kuantum verimliligini dlgtiiler ve %2,0 genel giines enerjisi doniisiim verimliligi belirlediler.
Bu katalizor, diisiik maliyetli, Diinya'da bol miktarda bulunan, ¢evre dostu malzemelerden olusur ve miikemmel
stabilite gosterir.

Toplam su ayrigtirmay1 ger¢eklestirmek i¢in Lin, Y. ve ark. [33], LaOCl ve polimerik karbon nitriir (PCN) yar1
iletkeninin bir kombinasyonunu kullanan tek fotonlu bir uyarim yontemi sunuyor. H,O'nun H, ve O,'ye
pargalanmasi, sirasiyla 22,3 ve 10,7 umol h™* evrim oranlariyla bu yapay fotosentez kompoziti tarafindan katalize
edilir. PCN/LaOCl'nin yiiksek fotokatalitik performansi, sirasiyla LaOCl ve PCN alanlarinda suyun eszamanli
olarak gergeklestirilen indirgenmesine ve oksidasyonuna ve ayrica LaOCI modifikasyonuyla ilgili arayiizey elektrik
alan1 tarafindan indiiklenen hizli yiik ayrim1 ve go¢iine atfedilmistir. Bu ¢alisma, yiik modiilasyonu yoluyla polimer
bazli malzemelere dayali saf su ayrigtirma i¢in kompozit fotokatalizorlerin gelistirilmesine iliskin yeni bilgiler
sunmaktadir.

Nishiyama, H. ve digerleri [34], giines pillerini elektroliz sistemleriyle birlestiren laboratuvar 6lgegindeki
sistem ile yaptiklari ¢aliymada giinesten hidrojene enerji doniisiim verimliligimi maksimum %30 bulmuslardir.
Modifiye edilmis, aliiminyum katkili stronsiyum titanat pargacikl fotokatalizére dayanan 100 m?lik bir dizi panel
reaktdriin, hidrojenin otonom olarak geri kazanilmasiyla birka¢ ay boyunca giivenli bir sekilde ¢alistirildigini rapor
ediyorlar. Glivenlik ve dayaniklilik agisindan optimize edilen ve geri kazanilan hidrojenin kasitl olarak ateslenmesi
durumunda hasar gérmeden kalan sistem, maksimum %0,76 STH'ye ulasmistir. Hidrojen iiretimi genel olarak
verimsiz ve enerji acisindan negatif olsa da bulgular giivenli, biiyiik 6lgekli fotokatalitik su ayristirma ve gaz
toplama ve ayirmanin miimkiin oldugunu géstermektedir.

Takata, T. ve arkadaslar1 [26], degistirilmis aliiminyum katkili stronsiyum titanat (SrTiO3:Al) kullanarak, 350
ila 360 nanometre arasindaki dalga boylarinda yiizde 96'ya varan harici kuantum verimliligiyle genel su
parcalanmasini gostermektedirler. Bu sistem, geriye dogru yiik aktarimi olmadan birden fazla ardisik ileri yiik
aktarimimi miimkiin kildi ve genel su ayristirma i¢in kuantum verimliliginin iist sinirina ulagti. Calismalari, yiik
rekombinasyon kayiplarindan armmis genel su ayristirmasinin uygulanabilirligini gostermekte ve etkili su ayristirma
i¢in ideal bir ortak katalizor/fotokatalizor yapisini tanitmaktadir.
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Tablo 1. PC Su Bilme Sistemlerinin Performansi

FK 'Yardimci katalizor Sogurma Dayamiklihik, saat  |Ref.
kenari, nm (Tutma,%)
Al- katkili SrTiO; (SrTiO3:Al) Rh/Cr,05, CoOOH (1s1kla 390 12.5 (94) [35]
biriktirme)
Al- katkili SrTiO; (SrTiO3:Al) Rh/Cr,03;, CoOOH (emdirme) (365 1600 (80) [34]
C3N,4/LaOCl Pt, CoO, 430 20 (100) [33]
C3N, Karbon noktalari 450 4800 (98) [32]
TazNs/KTaO; Ru/Cr,04 600 15 (86) [30]
Y,Ti,05S, Ru/Cr,03, IrO, 650 20 (81) [29]
SrTiO3z:La,Rh/C/BiVO,:Mo Ru/Cr,04 520 — [26]
CMP/C,;N Pt, Co(OH), 610 32 (88) [17]
B- katkili, N- eksik C3N, Pt, Co(OH), 500 24 (90) [18]

4. SONUCLAR

Giines enerjisiyle su ayrigtirma 50 yili askin bir siiredir arastiriliyor ve bu aragtirmalarda fotovoltaikler,
fotokatalizorler ve fotoelektrotlar kullanan ¢esitli sistemler hala kullanilmaktadir. Saf hidrojen enerjisi iiretimini en
tist diizeye ¢ikarmak i¢in FK su bolme igleminde yari iletken malzemelerden yararlanilir. TiO2, a-Fe203, BiVO4,
ZnO ve diger birgok malzemeden iiretilen fotokatalizérlerin gelistirilmesi i¢in biiyiik ¢aba sarf edilmektedir. Yiiksek
verimlilik, H2 {iretimi i¢in pratik uygulamalara ulagsmada en 6nemli faktérdiir. Ancak hala bazi zorluklar nedeniyle
FK su bolme teknolojilerinin biiyiik 6l¢ekli H2 iiretimi i¢in pratik olarak olanaksizdir. Bunlar;

*  Suanda, deneysel olarak kanitlanmis diisiik verimlilik (<%2) ve nispeten zayif stabiliteye sahip olmasi,

*  FK'de su ayristirmaya yonelik fotokatalizorlerin kesfedilmesi igin, 600 nm'den daha uzun bir emme esigi ve
buna karsilik gelen %10 STH verimliligi hedefini kargilamanin ana dnkosullaridir.

»  Fotokatalistin bant araliginin daralmasi indirgeme ve oksidasyon itici giiclerini zayiflatarak FK su ayirma
isleminin gerceklestirilmesini zorlagtirir. Isik emilimini en {ist diizeye ¢ikarmak igin, bant araligini
azaltmak ile suyu bolmek i¢in gii¢li itici giicler saglayacak sekilde genisletmek arasinda bir denge kurmak
¢ok onemlidir.

*  Oksisiilfit ve (oksi)nitriir bazli bazi yart iletkenlerin, 600 nm'ye kadar radyasyon altinda FK'de suyun
pargalanmasinda aktif oldugu kanitlanmistir. Ancak bu fotokatalizorler zayif fotostabiliteye ve son derece
diistik verimlilige sahiptir. Bir diger 6nemli sorun ise kolaylikla bulunabilen, diisiik maliyetli bilesenlerden
yapilmis ucuz ortak ve fotokatalizorlerin yaratilmasidir.

*  PC su bolme sistemlerinin en son teknolojiye sahip oldugundan maliyetleri oldukc¢a yiiksektir.

Giintimiizde su elektroliz teknolojilerine hizla artan ilgi, yesil hidrojen iiretiminin kiiresel karbonsuzlagtirma
i¢in en umut verici yenilenebilir enerji vektorii olmasindan kaynaklanmaktadir. Ancak ekonomik sorunlar nedeniyle
yesil hidrojen iiretimi gosteri projeleriyle sinirlidir. Cesitli su elektroliz teknolojileri ve bunlarin hidrojen tiretim
maliyeti, tekno-ticari beklentileri, elektrot malzemelerindeki son gelismeler ve bunlarin zorluklari ele alinmasi
gereken sorunlardan birkagidir. Su an itibariyle yesil hidrojen iiretim maliyeti, pahali malzemelerin kullanilmasi
nedeniyle geleneksel mavi hidrojen iiretim maliyetine gore yiiksektir. Bu nedenle, yesil hidrojen maliyetini azaltmak
icin, ¢evresel ve ekonomik kaygilari azaltmak amaciyla verimli ve uygun maliyetli su elektroliz teknolojileri
gelistirmeye yonelik gelecekteki arastirmalar devam edecektir.

Son olarak, giines enerjisiyle H, tiretiminin gelecekteki gelisimi ve yol haritasinin, basta metan olmak {izere
fosil yakit fiyatlari, farkli iilkelerin/bdlgelerin cografi konumu ve ortami, siyasi politikalar, H, gibi diger bir¢ok
faktorden de etkilendigini belirtmekte fayda var. Piyasadaki talep, H, depolama ve tasima sorunlar1 ve diger
rekabet¢i yenilenebilir enerjilerin (6rnegin niikleer enerji) gelisimi ve bu nedenle muhtemelen zaman iginde
degisiklik gosterebilir. Ancak H,'nin temiz, glivenli ve uygun fiyatl enerji gelecegimizin 6nemli bir pargas: haline
gelmesinde giines enerjisiyle H, iiretiminin 6nemli bir rol oynayacagina siiphe yok.
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IDD'—S" =73 C sicaklik, %% lDD—SD—ﬁE' uluas onik giig 131511 Lo;ullatmda U.EEII].HII.HH ultras&m.k aeanma 131 emmm klasik agartma
1;15111111-= gire varsa fistinlitklerinin tespiti amaglanmiztr. Czlizmada belirl enen izlem Lo;u]larmda lovibond sanlik ve kiminlk
renk giderim degerler't 10 dakika boyunca 2 dalikada bir olacak jekilde beliwlenmiz ve loyaslamalar vapilmizte. Calizma
sonucnnda aveigek vaimm kwmizilik renk deferinin diigiik c]masmdan dolayr agartma izleminde ultrasonik iglemin belifli bir
keatkz o]madlm Eomlmu;‘m.r Sanlik d“EEﬂIlﬂ“ ize 100°C sicaklik, %5 100 ultrasonik gitg uygulanmast dummunda bekdendigi
gibt uzln bar adscrbst}on saglanmy ve Kasik afarma i5lemme gire zaten digik olan islem siiresi daha da kusaltilabimistir.
Diger bitkisel vaglara gore ditsiik i3lem kogullary gereken zygigek v2Emm agarnlmasmda ultrasonik iglemn uygul anmasy endiistei
tarafmdan mealivet analizi dikkats 2lmarzk degerlendirilebilir.
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Ozet

uyguismalarm kaznm potasivallacnin sycicek yagmin agactimasmds uygulsnabilicliging tapitidic. Avnica, aygipek yafinda
100-87 5-75°C sicaklik, % 100-80-60 ultrasonik giyg i5lem kogsullarinda uygulanan uitrasonik agartma isleammin klasdk agartma
iglemine gore varsa ustinkiklermm tespiti amaglanmigtr. Caliymada belirlenan islam kogullarmda lovibond sanlk ve kiomizilik
renk giderim dagerleri 10 dakika bovunca 2 dakikada bir olacak yekilde belidenmis ve kivaslamalar vapimgtir. Caliyma
somucunda aygipek vaginm kiomizilk renk dagermin digitk olmasmdan dolay: agartma islamimde ultrasonik iglemin balirli bir
katkis: omadify gorilmigtic. Sanlk dagernde ise 100°C sxakhk, % 100 ultrasonk giy uygulsmas: dururmmda beklendigi
gibi hizli bir adsorbsivon saglanmiy ve klasik agartma islamine gora zaten ditjik olan iglem siiresi daha da kisaltilshilmigtir.
Diger bitkisel yvaglam gore digik islem kosullen gereken aveipek vagmm agartimasinda ultrasonik islammn uygulanmas: endiistri
tarafindan malivet analizi dikkate alinamak degarlendislebilir.

Anahtar Kelimeler: Agartma Bitkisel Yag Rafinasyon Aygigek Yas Lovibond
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YAZIM KURALLLARI

Dergimizde yaymlanmak iizere gonderilen makaleler, dergi makale yazim formatina gore hazirlanmalidir. Yazin
kurallarina ait genel bilgiler asagida &zetlenmistir.

Genel

Hakem degerlendirmesi sonrasi yayina kabul edilen ¢aligmalar, yazarlar tarafindan baski formatina uygun sekilde
tekrar diizenlendikten sonra sisteme yiiklenmelidir. Editorlerimizin formatla ilgili uygulama islemleri diginda
herhangi bir dizgi islemi yapilmayacaktir. Calismalar Office 2013 veya daha {ist versiyon bir kelime islem
uygulamasi ile yazilmalidir.

Sayfa Yapi ve Diizeni

A4 boyutunda hazirlanacak calismalarda, tiim kenarlardan 2.5 cm bosluk birakilmalidir. Ustbilgi, tek ve g¢ift
sayfalarda farkli olarak isaretlenmelidir. Ustbilgi, 8 punto biiyiikliigiinde ve Times New Roman fontu ile
yazilmalidir. Sayfa, tek siitun olarak diizenlenmelidir.

Makale Ana Bashg

Tiirkge: Makale bagligi Times New Roman fontuyla 12 punto, sadece bas harfleri biiylik olacak sekilde, her iki yana
ortalt ve koyu font ile yazilmali, ayrica Tiirk¢e basliktan 6nce ve sonra 1 satir bogluk birakilmalidir.

Ingilizce: Sadece bas harfleri biiyiik, ortal1 ve koyu olarak Times New Roman fontu ile 10 punto olarak yazilmalidir.
Ingilizce basliktan sonra 1 satir bosluk birakilmalidir.

Yazar Adlan

Yazar adlart Times New Roman fontu ile ortali, koyu ve 10 punto olarak yazilmalidir. Yazar adlari ile adres
arasinda bosluk olmamalidir. Yazar adlarina ait adres referanslari islii ifade 5 font bilyiikliigiinde belirtilmelidir.

Adresler

Adresler Times New Roman fontu ile ortali ve 9 punto olarak yazilmali. Sadece sorumlu yazarin e-posta adresi,
adres satirlariin alt kismina yine ayni font ve punto ile yazilmalidir. Adresin hemen alt satirinda bosluk birakmadan
9 punto ile e-posta adresi yazilmalidir.

Ozet

Tiirkce: Ozet, koyu Times New Roman fontunda 9 punto ile yazilmah, bas harfi biiyiik ve ilk satirin basmna
yazilmalidir. Ozet tek paragraf ve en az 50 olmak iizere 150 kelimeyi gegmeyecek sekilde yazilmalidir.

Ingilizce: Abstract, Tiirkge dzette oldugu gibi koyu Times New Roman fontu ile 9 punto biiyiikliigiinde, bas harfi
biiyiik, tek paragraf en az 50 olmak iizere 150 kelimeyi gegmeyecek sekilde yazilmalidir.

Anahtar Kelimeler

Tiirkce: Ozet metinin altina 1 satir bosluk birakildiktan sonra, harfleri biiyiik ve koyu Times New Roman formatinda
9 punto ile yazilacak anahtar kelimeler, en az 3 en fazla 6 adet olmalidir. Anahtar kelimelerden sonra 2 satir bosluk
olmalidir.

Ingilizce: Abstract metinin altma 1 satir bosluk birakildiktan sonra, harfleri biiyiik ve koyu Times New Roman



formatinda 9 punto ile yazilacak anahtar kelimeler, en az 3 en fazla 6 adet olmalidir. Anahtar kelimelerden sonra 2
satir bosluk olmalidir.

Makale Bashklar:
Basliklar numaralandirilmali, biitiin basliklar Times New Roman fontunda 10 punto biiyiikliigiinde olmakla birlikte;

e Birinci derece bagliklarda tiim kelimelerin tiim harfleri biiytik koyu,
e Ikinci derece alt basliklarda tiim kelimelerin ilk harfi biiyiik,
e Uciincii derece basliklarda sadece ilk kelimenin bas harfi biiyiik olacak sekilde yazilmalidir.

Basliklardan 6nce ve sonra bir satir bosluk birakilmali. Bagliklar sola dayali olmalidir.
Makalelerin basliklar1 sirayla su icerikleri ifade edebilecek sekilde olmalidir;

o Girig

e Materyal ve Metod
e Deneysel Kisim

e  Gereg ve Yontemler
e Tartisma

e Sonug¢

Metin Hakkinda

Metin, Keywords’den sonra 1 satir bogluk (10 punto) birakilarak tek satir aralikli 10 punto ile yazilmalidir. Paragraf
girintisi 0,7 cm olmali ve paragraflardan once ve sonra 6nk bosluk birakilmalidir. Metin iki yana yash sekilde
yazilmalidir.

Tablo, Sekil ve Denklemler

Tablo ve sekiller, kullanildiklar1 siraya gére numaralandirilmalidir. Tablolarin basliklar: iist-orta hizada, sekillerin
bagliklari ise alt-orta hizada olmalidir. Her tablo ve sekil mutlaka sirast bozulmadan Tablo 1., Sekil 1. gibi yazilmali,
koyu Times New Roman 10 punto olmalidir. Tablo ve sekillere ait agiklamalarda sadece ilk harf biiyiik, Times New
Roman 10 punto olmali ve koyu font ile yazilmamalidir. Formiiller ve denklemler Math Type ya da Word Denklem
Diizenleyici kullanilarak yazilmalidir.

Kaynak Belirtme

Makalemizde kaynak gosterimi kdseli parantez igerisinde numara vererek yapilmali “[1]”, kaynaklar orijinal dilinde
verilmelidir. Kaynaklarin yazildig1 kisim Times New Roman 9 punto olmalidir. Ornek kaynakea icerigi asagidaki
gibidir:

1. ChenY.R., Chao K., Kim M. S. Machine vision technology for agricultural applications, Computers and
Electronics in Agriculture, 36 173-191, 2002.

2. Kumar A. Computer vision based fabric defect detection: a survey, IEEE Transactions on Industrial
Electronics, 55 348-363, 2008.

3. Yetis H., Baygin M., Karakdse M. A New Micro Genetic Algorithm Based Image Stitching Approach for
Camera Arrays at Production Lines, The 5th International Conference on Manufacturing Engineering and
Process (ICMEP 2016), 25-27 May, 2016.
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Instruction for Authors

The articles submitted for publication in our journal should be prepared in accordance with the journal article
writing format. General information about the rules of the literature is summarized below.

General

Studies accepted for publication after peer-review should be uploaded to the system after they are rearranged by the
authors in accordance with the print format. No typesetting will be done except for the format-related application
procedures of our editors. Studies must be written with an Office 2013 or higher word processing application.

Page Structure and Layout

For works to be prepared in A4 size, 2.5 cm margins should be left on all sides. The header should be marked
differently on odd and even pages. The header should be written in 8-point Times New Roman font. The page
should be arranged as a single column.

Article Main Title

Turkish: The title of the article should be written in Times New Roman font, 12 points, only the initials should be
capitalized, centered on both sides and in dark font, and 1 line space should be left before and after the Turkish title.

English: Only the initials should be capitalized, centered and bold, with Times New Roman font and 10 points. One
line space should be left after the English title.

Author Names

Author names should be written in Times New Roman font, centered, bold and 10 point. There should be no spaces
between the names of the authors and the address. Address references of author names should be specified in
exponential 5 font size.

Addresses

Addresses should be written in Times New Roman font, centered and 9 points. Only the e-mail address of the
responsible author should be written at the bottom of the address lines in the same font and size. The e-mail address
should be written in 9 points, without leaving any spaces, just below the address.

Summary

Turkish: The abstract should be written in bold Times New Roman font, 9 points, the initials should be capitalized
and written at the beginning of the first line. The abstract should be written in a single paragraph and not exceeding
150 words, at least 50.

English: The abstract should be written in bold Times New Roman font, as in the Turkish abstract, in 9 font size,
with capital letters, and not exceeding 150 words, with a single paragraph of at least 50.

Keywords

Turkish: Key words to be written in 9 font size, capitalized and bold Times New Roman format, after leaving 1 line
of space under the abstract text, must be at least 3 and at most 6 words. There should be 2 lines of space after the
keywords.



English: Key words to be written in 9 font size, capitalized and bold Times New Roman, after leaving 1 line space
under the abstract text, must be at least 3 and at most 6 words. There should be 2 lines of space after the keywords.

Avrticle Titles
Headings should be numbered, all headings should be in Times New Roman font and 10 points;

o In first-degree titles, all letters of all words are capitalized,
¢ In secondary sub-headings, the first letter of all words is capitalized,
o Inthird degree titles, only the first letter of the first word should be capitalized.

One line space should be left before and after the headings. Headings should be left aligned.
The titles of the articles should be able to express the following contents in order;

e Introduction

e Material and Method

e  Experimental Part

e Materials and Methods Discussion
e Conclusion

About the Text

The text should be written in 10 font size with single line spacing, leaving 1 line space (10 points) after the
Keywords. Paragraph indent should be 0.7 cm and 6 pt spacing should be left before and after paragraphs. The text
should be written in justified form.

Table, Figure and Equations

Tables and figures should be numbered in the order in which they are used. The titles of the tables should be in the
upper-middle position, and the titles of the figures must be in the lower-middle position. Each table and figure must
be written as Table 1, Figure 1 without breaking the order, and must be in 10 pt Times New Roman bold. In the
explanations of tables and figures, only the first letter should be capitalized, Times New Roman 10 points and
should not be written in bold font. Formulas and equations should be written using Math Type or Word Equation
Editor.

References

References in our article should be cited in square brackets by numbering “[1]”, references should be given in their
original language. References should be written in Times New Roman 9 points. Sample bibliography content is as
follows:

1. ChenY. R, Chao K., Kim M. S. Machine vision technology for agricultural applications, Computers and
Electronics in Agriculture, 36 173-191, 2002.

2. Kumar A. Computer vision based fabric defect detection: a survey, IEEE Transactions on Industrial
Electronics, 55 348-363, 2008.

3. Yetis H., Baygin M., Karakése M. A New Micro Genetic Algorithm Based Image Stitching Approach for
Camera Arrays at Production Lines, The 5th International Conference on Manufacturing Engineering and
Process (ICMEP 2016), 25-27 May, 2016.
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Degerlendirme Siireci

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi’ne gonderilen yazilar, 6ncelikle Yayimn
Kurulunca dergi ilkelerine uygunluk acisindan 6n degerlendirmeye tabi tutulur. Dergi kapsamina girmeyen veya
bilimsel bir yazi1 formatina icerik ve sekil agisindan uymayan yazilar, hakemlik siireci baglatilmadan geri g¢evrilir
veya bazi degisiklikler istenebilir. Yayin i¢in teslim edilen makalelerin degerlendirilmesinde akademik tarafsizlik ve
bilimsel kalite en 6nemli sartlardir.

Mus Alparslan Universitesi Mithendislik-Mimarlik Fakiiltesi Dergisi’ne yaym kurallarina uygun olarak génderilen
makaleler, daha sonraki asamada intihal denetiminden gegirilir. Mus Alparslan Universitesi Miihendislik-Mimarlik
Fakiiltesi Dergisi’nde intihal denetimi, Ithenticate paket program aracihigiyla gerceklestirilmekte ve intihal
denetiminde, benzerlik oraninin %20’nin iistiine ¢ikmamasi gerekmektedir. ilgili calismada herhangi bir intihale
rastlanmadig takdirde degerlendirilmek {izere o alandaki ¢aligmalariyla taninmis iki hakeme gonderilir. MSUFBD
Dergisi, siirecin her asamasinda, hakem ve yazarlarin isimlerinin sakli tutuldugu cift-kér hakemlik sistemini
kullanmaktadir. Hakem raporlar bes yil siireyle saklanmir. Makaleyi degerlendiren iki hakemden birisinin olumlu
digerinin olumsuz rapor vermesi durumunda makale iigiincii hakeme gonderilmekte veya Yaym Kurulu, hakem
raporlarini inceleyerek nihai karar1 vermektedir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi’ne gonderilen calismalarda yazarlar, hakem ve
Yayin Kurulunun elestiri ve onerilerini dikkate alirlar. Katilmadiklar1 hususlar varsa gerekgeleriyle birlikte itiraz
etme hakkina sahiptirler. Dergideki hakemlik siirecinde, akademik unvana sahip kisilerin yayinlari i¢in ancak esit ya
da st derecede akademik unvana sahip kisiler hakem olabilir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi’ne hakem degerlendirme siireci, istenilmeyen
nedenlerden dolay1 bazen uzun siirebilmektedir. Normal kosullarda editor tarafindan 6n degerlendirme asamasi 20
giin; hakem degerlendirme siireci de 60 giin olarak planlanmaktadir. Ancak hakemlerden zamaninda doniis
olmamasi nedeniyle yeniden hakem atama vb. nedenlerden dolay1 hakem degerlendirme siireci uzayabilmektedir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi’ne makale génderen yazar/yazarlar, Derginin
$6z konusu hakem degerlendirme kosullarini ve siirecini kabul etmis sayilirlar.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi’ne yayimlanmasina karar verilen (kabul edilen)
calismalarm telif hakki, Mus Alparslan Universitesi’ne
devredilmis sayilir.

Mus Alparslan Universitesi Miihendislik-Mimarhk Fakiiltesi Dergisi
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Peer Review Process

Articles submitted to the Mus Alparslan University Journal of the Faculty of Engineering and Architecture are first
evaluated by the Editorial Board in terms of compliance with the journal's principles. Artciles that are not covered
by the journal or that do not comply with a scientific writing format in terms of content and form are rejected or
some changes may be requested without starting the refereeing process. Academic impartiality and scientific quality
are the most important conditions in the evaluation of the articles submitted for publication.

Articles submitted to the Mus Alparslan University Journal of the Faculty of Engineering and Architecture in
accordance with the publication rules are then checked for plagiarism. In Mus Alparslan University Journal of the
Faculty of Engineering and Architecture, plagiarism control is carried out through the Ithenticate package program
and the similarity rate should not exceed 20% in plagiarism control. If no plagiarism is found in the relevant work, it
is sent to two referees who are known for their work in that field for evaluation. Mus Alparslan University Journal
of the Faculty of Engineering and Architecture uses the double-blind peer-review system where the names of the
referees and authors are kept at every stage of the process. Referee reports are kept for five years. If one of the two
referees evaluating the article gives a positive report and the other a negative report, the article is sent to the third
referee or the Editorial Board makes the final decision by examining the referee reports.

In the articles submitted to the Mus Alparslan University Journal of the Faculty of Engineering and Architecture, the
authors take into account the criticisms and suggestions of the referee and the Editorial Board. If there are issues that
they do not agree with, they have the right to object together with their reasons. During the refereeing process in the
journal, only people with equal or higher academic titles can be referees for the publications of people with
academic titles.

The referee evaluation process for Mus Alparslan University Journal of the Faculty of Engineering and Architecture
can sometimes take a long time due to undesirable reasons. Under normal circumstances, the preliminary evaluation
phase by the editor is 20 days; The referee evaluation process is also planned as 60 days. However, due to the lack
of timely return from the referees, re-appointment etc. For reasons, the referee evaluation process may take longer.

The author(s) who submit an article to Mus Alparslan University Journal of the Faculty of Engineering and
Architecture are deemed to have accepted the referee evaluation conditions and process of the Journal.

The copyright of the articles decided (accepted) to be published in the Journal of the Faculty of Engineering and
Architecture of Mus Alparslan University is deemed to have been transferred to Mus Alparslan University.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi
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Yayn ilkeleri

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi, ulusal ve uluslararasi diizeyde yapilan,
miihendislik ve mimarlik bilimleri alaninda 6zgiin ve nitelikli ¢aligmalari, bilimsel bir yaklagimla ele alir. Alandaki
calismalarin niteliginin ylikselmesine, yontem ve uygulamalarin gelismesine, kuram ve uygulama alanlarindaki
calismalar arasinda iletisimin giliglenmesine ve alanindaki literatiiriin zenginlesmesine katki saglamak amaciyla
yayimlanmaktadir.

Mus Alparslan Universitesi Miithendislik-Mimarlik Fakiiltesi Dergisine gonderilecek ¢aligma, alaninda bir boslugu
dolduracak 6zgiin bir yaz1 olmali ya da daha once yayimlanmis ¢aligmalar1 degerlendiren, konuya dair yeni ve
dikkate deger goriisler ortaya koyan inceleme olmalidir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisine génderilecek yazilar makale, geviri ve kitap
tanitimu tiirlinde olmalidir. Dergimize gonderilen ¢eviri yazilar i¢in, makale sahibinin yaymn izni ve orijinal metin
gereklidir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisinin yaym dili Tiirke ve Ingilizcedir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi gonderilen calismalar daha énce hicbir yerde
yayimlanmamis ve halihazirda yayimlanmak {izere sunulmamis olmalidir. Bilimsel bir toplantida sunulmus
bildiriler, durum agikg¢a belirtilmek sartiyla dergiye gonderilebilir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi, Kis/Aralik ve Yaz/Haziran sayis1 olmak iizere
yilda iki defa diizenli olarak yayimlanmaktadir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisine génderilen yazilara telif hakki 6denmez.
Yayimlanan makalelerin telif hakki Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisine aittir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisinde yayimlanan yazilarmn bilimsel ve hukuki
sorumlulugu yazarlarina aittir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisinde yer alan yazilardaki goriis ve diisiinceler
yazarlarinin kigisel goriisleri olup derginin ve bagli oldugu kurumlarin goriislerini yansitmaz.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisine gonderilen ¢alismalar, TUBITAK
ULAKBIM’in DergiPark Sistemi (UDS) iizerinden elektronik ortamda gonderilmektedir. Bu sisteme
http://dergipark.gov.tr/maummfd de yer alan “Kesfet” kism altindaki “Makale Gonder” linkinden ulagilabilir. S6z
konusu sisteme kayit yapilip makale gonderildikten sonra hakem siireciyle ilgili gelismeler ve hakem degerlendirme
raporlar1 yazarlar tarafindan kolaylikla takip edilebilir.

Mus Alparslan Universitesi Miihendislik-Mimarhk Fakiiltesi Dergisi
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Editorial Principles

Mus Alparslan University Journal of the Faculty of Engineering and Architecture deals with original and qualified
studies in the field of engineering and architectural sciences, made at national and international level, with a
scientific approach. It is published in order to contribute to the improvement of the quality of studies in the field, the
development of methods and applications, the strengthening of communication between studies in the field of theory
and practice, and the enrichment of the literature in the field.

The study to be submitted to Mus Alparslan University Journal of the Faculty of Engineering and Architecture
should be an original article that will fill a gap in its field, or it should be a review that evaluates previously
published studies and presents new and remarkable views on the subject.

Articles to be sent to Mus Alparslan University Journal of the Faculty of Engineering and Architecture should be in
the form of articles, translations and book presentations. For the translated articles sent to our journal, the
publication permission of the article owner and the original text are required.

The publication languages of Mus Alparslan University Journal of the Faculty of Engineering and Architecture are
Turkish and English.

Studies submitted to Mus Alparslan University Journal of the Faculty of Engineering and Architecture must not
have been published anywhere before and should not have been submitted for publication. Papers presented at a
scientific meeting can be sent to the journal, provided that the situation is clearly stated.

Mus Alparslan University Journal of the Faculty of Engineering and Architecture is published regularly twice a
year, in Winter/December and Summer/June.

Copyright is not paid for the articles sent to Mus Alparslan University Journal of the Faculty of Engineering and
Architecture. The copyright of the published articles belongs to Mus Alparslan University Journal of the Faculty of
Engineering and Architecture.

Scientific and legal responsibility of the articles published in Mus Alparslan University Journal of the Faculty of
Engineering and Architecture belongs to the authors.

The views and opinions in the articles in Mus Alparslan University Journal of the Faculty of Engineering and
Architecture are the personal views of the authors and do not reflect the views of the journal and its affiliated
institutions.

Studies submitted to Mus Alparslan University Journal of the Faculty of Engineering and Architecture are sent
electronically via TUBITAK ULAKBIM's DergiPark System (UDS). This system can be accessed from the "Send
Article” link under the "Discover” section at http://dergipark.gov.tr/maummfd. After registering to the system in
question and submitting the article, the developments related to the referee process and the referee evaluation reports
can be easily followed by the authors.

Mus Alparslan Universitesi Miihendislik-Mimarhk Fakiiltesi Dergisi
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Yazisma Adresi/ Correspondence Address

Mus Alparslan Universitesi
Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergi Editorliigii
Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi
49250 —- MUS/TURKIYE
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